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(57) [«*)] 

imm *l^^ffl*Z r H R x 0 2 -6 (CCT\ 
RttY«r*tf*±«4«T**>0, x = 0-0. 7 
6 0 5H0-0. 5T'fcSo ) HfefcfeMKtt* S 

i *«»»S±Jw*ritSil, :n If* 9, 
<^(£> (0 0 2) ®£fcte (111) ffi(DfcM<Dv y*srl/ 
f#-7<D¥mm&l • 5° HTT, 7i^oS2P^^5 0 
0nm"CCO+^*&fiSR z d s 0 . 6 0nmJ^TX*fc6o * 

fc, *¥%W<Dm.rfLz r o 2 <08Mfc»SHKkt* s i 

So 



i 




(2) 



1 



imxm i ] si )mcAS*Lbic»A£ft. *&j£z r 

1-x R x °2- 5 (wwT* R»YS:^tf#±«4kJR"C*> 
*K x = 0 — 0. 7 5tfe5 0 $fc, 6110 — 0. 5 X 

) ©aitr^^'V-r/mt-cfcO, (002) es 

(111) BOSM^Py^r^^-^*!!* 
£5 1. 5° ETF"C\ ^o^ffico^>^< irt>8 0%^, g 
5 0 0mnX*O+^Wffi^R 2 * s 0 . 6 Onm^T 

[RM2] S i ora*£SJ:£«*3ftfcttritZ 10 

3 ] mna^-EW^ /^Htass*** 

[f»*3g4] WfB*-BBrpI3itf^^'>irvvjK<o (0 0 
2) (ill) B©SM©By*^*-^ 



*®£>*)>fc< t*>8 0%*K 5 0 OnmX<D+& 20 

Rz^2 nmaTt?* 5f*#3l 2^1^14 

[flt*9[7] ittlE»*£ifIiXt£t tT> S i 
^<7) (10 0) m£tcft (111) ffi^SKSffii:** 

j: 5 tdjai^g* i l 6 cov>-r n^oiMbtbff 

(So 30 
[SS*B 8 ] 1 0 cm 2 £JL±<7)ffi«&W-t-£St#* 1 4 

o] si fert 

Z ri _ x R x 0 2 -6 (C^T% RliY*^tf*±JS&JR 
-C&tK x = 0 — 0. 7 5t$)?), 6(i0-0. 

) ID*.*?** is *T'l'&XlbZ>WtikVoWtR<nJ& 
S»fcot, Jt&*rt*3*01 X 1 0- 5 Torr«JiOO 
XffiUiU :^St, s i <^¥Jftfta«Sr0f^iaS*- 40 
JpfffcU ftV>T% Zrt, '>4<i:tia^*±fi&I 
(Y£*atf) (&*&JR7cJitco5^fc< tfcZ r SrS'J 

JI£»rtU:iMfctt#***AU K£«^tfv>&< 

*jKSSSi£^W#ia«^ 1 x 1 °~ 4 ~ 1 x 1 0" 2 Torr 



8-109099 



w-e*> 6m#>s i o <DmkVonm<w&&*&* 

[IfeMIi 2] &38a£a>^*±ig&JR (Y«r*t?) 
/Z r ^/wjt*0^fc3(cSiJiHlLoora^i-aK**-fr 

ass i o u 1 1 <DmkVo$fl&<w&f&Jj&<> 

3] *>*±*£* (YSr^tf) 

/Z r <D^e/Wfc£0. 25^P)1. OtCfM? Loo|i]B# 

14] Si *»*«R±iw**S*t*:a*Z 
ri _ x R x 0 2 -6 (--T% RttY«rStf#±JK&JR-C 
£>9, x = 0 — 0. 7 5m 5te0 — 0. 5 

*Pi&. ££Jirt^»fWfetf*tf>»A.- *5J:t5Z r */t 
fiZ r t'>4< tt> l«0#±fSAJR (YSr&tri co* 

£ &X Wlisa^co E^ ^ * * ir /HK£fl2J*i~ 5 
MMWil 5] W1ES i HMSASttit UT, ^OfflR 
&JR (Y«r&faO t. <t f9^$ttfc 1 x l co 

(Ml** i6] wias i iM#ys£^ Mies i m^S 

SS«*«S*rt-C 3 0 0-70 O'ClCiPfW-S 4: ^ t 
lc N »J1EJCSttrtl-B*fttt^*»AbT^4< fcfcS 
4Ri£«<0#BB*0»*»BES: 1X1 0 _4 Torr^Jii: L 
X. StliEK««B5tw0. 2 — 1 OnmOOS i WtftMN&JB 
fiKU SffiiaS«:6 0 0-1 2 0 O^lcKJT*- 

e^r^^tc, ««XfflWrtlwlWbtt#^«r»Ab-C/>tt 
< i:tS«iE«^#HftS:l X 1 0" 4 -l x l O^Torr 

Z r*fcttZ r t^4< HlS^til^I 
(YSr^W ffllES i*^iS 

ffioSSIil: lxi (Dmmffii&k ^Hfctco-CfeSSS 
i 5 <oiMt:»*Bt^^fiK*ffio 
[HM17] ffiGS i VlSAXffij: L-C. Si*^ 
(10 0) m&tz-te (111) ffid s StR*ffi 

is] MTE S i W.«AXtEO*9(w. 

[bi**i 9] ones i m&$tmm& 

^IOcid 2 EiLJiiDtOt-f St t ttw, SffirtT*(elte-r 



3 

nines i 7 5 ox;«±i;iiqjiM- *8»#«i 

[0 0 0 1] 

mm±(omm^m s i JtusAStiU:^ 10 

[0002] 

mfr&ttx^ squid, i^B^yy^m^. mm 

I C (3t " HrF-^fS[U8§ : opto-electronic integrated 

circuits ) ^asKtfsSJx-C^*. 

[0003] fett«*(W»*fctt»«*tt , »*r« 

[0 0 0 4] *3t>ftBMfc«Jjfi«» 

illxt ( ^^/V^U:/^77l»t, *r<0± 40 

App 1. Phys. Lett. , Vol. 5 
4, No. 8, p. 754-p. 756 (1989), 
Japanese Journal of Appli 
ed Physics, Vol. 27, No. 4, L6 
34-635 (1988) ^^1/^2-8 2 5 8 5 

[0 0 0 5] Z r 0 2 tts S«^S i m&hft* 

&tcmthX\f^Z>tc&, 5-<frb. S iS«^o^^ 50 
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>f KteAJKirO/^^rWt LT, SiSffil^ZrO 
2 ^V?*is*/l>m&&i&tStiX^Z> 0 
[0 0 0 6] £ *>l^ Z r 0 2 W\ BV^fc^ScJEtt. «ft 

(ft 2 0) SrAfliU Ztoitft, Siiox^^^ 

[00 0 7] Z r 0 2 ^ tT* *S^MBt*>Jil3gfc 

tf x A p p 1 . Phys. Lett. , Vol. 53, 
No. 16, p. 1506-08 (1988) (J^T. 

Z r0 2 l-Y 2 0 3 ^^ADL 
fcYSZ ( Yttria-stabilized zirconia ) BMfrfc* — 

(ioo) mm±izYsz<D^\*#*is*/imt>mbti 

ZZkfcjfc^^tlX^^Zo "kit, ±mj a p a n e s e 
Journal of Applied Physi 
cs, Vol. 27, No. 8, L1404-05 (1 
9 8 8) («T, * 2 fctt, «5K£#A 

UcSSjfrt-CYSZ^i/j/ h*«^i»ttfc£Da«6$ 
^:6^*ftJ;<9. Si (10 0) m&±\ZYSZ<D^¥ 
P^isv/ismiimhfrZZk&j&^hHX^Zo HK, 
Appl. Phys. Lett. , Vol. 57, N 
o. 11, p. 1137-39 (199 0) (£AT. ^ 

iF-T^U-ixg Si (10 0)S«±Jr 

YSZiD^Vf^isv^mtf&hnhZk&m^btlX 
^{d^fc, ThinSolid Films, 299, 17-23(1993) 
(£TK »4«*«fcW-*-) ilZrllCYfrS; 

V^ymtcJ:*), si (ioo) SglicYSZ^xt 9 
**~>*;uKtimhfrZZk&7&^t>tiX\i*Z 0 
[0 0 0 8] 

[*Was**L£5i + S«WH JWJtra^ 5 ici. YSZ 
fttttt, XRD (Xttmtft) \C&rtZ>&!ti\f-#<Duy 

*>r*-7(D¥wt*. Bcttmmm+mm&r aefict 

ion High Energy Electron Diffraction— £AT\ RHE 

zk&x^Zo &tc. mmm*. RHEEDS^Fy 
&&xfm*fflt>m*m®LM afm^ 

[0 0 0 9] ±e<B»*<B#fc*:l3|gttlwJfl 



5 

YSZ#-#y US:*'*** V >y&X*m^Z>b, Zr 

V^-^y httEfflbttT< k^-yy h*B^Z r/ 

fcYSZiWRHEE Dfctt* h » 0 V-r 

— r^-Cttfcv*. fc*5* YSZ^jgS^ (0 0 2) Rlttf 

[0 0 10] JR2tE#«<OJ:5UU iSSflwJloTt, Y 10 

0 0 left 9* Zr, Y x 0^»«:D, 

^l/yh©»^gSSfcSr4i:^ Zr/YOW 
lift 6^r±lCYSZ «*(0*^-«*^»b-T 6 tf^ 9 
*\ Zr, Y. 0<7>«a*lwJ:!J3ftftttt2Efbi-5o * 
fc, #e>nfcYSZl^RHEED*tt, */K$/h£/«C 

[oo l l] #3 J: 9 s — r^v— f 20 

a ^jfefcSs^TWu H«ffi^«fi8;a«F^b«:IS 
k/vZ*W&+ (1 0cm 2 J^Jt) OS i 

HRJMMt^*W*lRl^K6>^ £>— KYS 

c e>*t*. — «t-tt»*-efc*iMbW 

igv>YSZ^t^^'> j r^K$r$i3ti"6^iJ6^fi^®^ 

'¥40103 0. 7 1° T*@nt^^ ^tAFMtSSt 
*<tbtiX^Z>tiK AFMfc±**E4Wwtt«$M&t-#Hi 
tt2nm£U:S>5 0 ^O^-f^ ^/WiU-f-T^l/- 

P>ttTV>^V\ 40 
[0 0 12] fg4££##J<^£ 51-. &JH*-^:X hSrJB 

b^cYSZM^RHEEDS 1 i)> / t-7 P X*^<^ ^ ^ 

tjtifcY szM^M^ N "Cli^< ftUxfefrTv^ 

[0 0 13] Sfc, Appl.Phys. 58(6), 
15 September 1985 (Ol2 4 0 7^ 50 
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— 43J:t/Ap pi. Phys. 63 (2) , 15 
January 1988 ^S5 8 1^-^*:, 

rz r o 2 frs i #3BfiK«±iw3itr^^v'^^ft-e 

So If^V^^Z r 0 2 te. 2 5 0 0"C£JL±t?SC* 
,& x 2 5 0 Ot^f) 1 0 0 0 WifitlEM^ 10 00 

V\ Uc^ot, Zr0 2 <0»frt>Sia-t?*»*^«-» 

[0014] fflria A ppl. Phys. 58 (6) , 1 
5 September 1 9 8 5^2 4 0 

tdte. z r o 2 <Dmmm&so o < cj^T-e«> 

OZr0 2 BWS#6>*U 8 0 O^-CJlIE^ff^Z r 0 2 

Jol^tf** Zr0 2 O (0 0 2) gfifaffl£JWC (1 1 
1) x (11-1) £fcte (2 0 0) COjeSffi^ff^Ei" 

5:^^$^ zr0 2 KfaB&te#e>*txivfc 

«#Wttftv\ £fc, KoR*fi«3£*r?-i»lElSr ( Refle 
ction High Energy Electron Diffraction — £*T\ RH 
EEDtM5ci:»6) UU:6Z r 0 2 SH^dl^® 
0»ffi-e». RHEEDtt^^y hTfcS^t^ 

*L$ 0 ~ CD J: 5 i-. Zr0 2 (^x|f^^^-y/l,i(Dgi 
£ ibic, Zr0 2 «*r«V^fc¥»#^M^tt, -*t* 

[0 0 15] &±<Dft&M<D£ p(C s /<y77iiUT 
^YSZlOn^^r>^-^ttIs ^ffiffi^. RH 

[0016] IS»tt*3J:tf*iBte<0fi 
»4Zr0 2 «r*rtl»i:-f63Ltf^*'>^r/HMb«» 

tf±«Mb«J*BW>»«*ft«:114fc-*-» - fc * B 
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[0017] 

[BM*tf*"*-6fcfci&#«] roiJ4l»tt, TIE 
(1) - (2 0) (fc#«Wl;i<fc9S/*Sixa 0 

(1) S i *«*»K±fc*/*3*U IftdtZ r j_ x R x 

o 2 _s (::^ RttYSr$tp*±SAR"e*)Ox x = 

0 — 0. 7 5Tfc6o 6f20 — 0. Stfc^o ) 

eO:ntf**v'^RT?fcD, -t<© (0 0 2) ffi£fcf* 

(ill) B©KI*fl!)!3y*v^*— 
5° £XTX\ a>o^ffi(D/>ft< i fc 8 0%**. 
5.0 0nmt?O4-jS^P*Sfi*R z dSO. 6 0nm£rpC*>6 

(2) S i oJW*»»«±K:*rt*ihfclMlz r o 2 ^ 

^— em ai tr * * - v /HR-c fe 5 mtvowi&o 

(3) MB*— Eift^^*^^-r>^Bl* s lfc***<** 

(2) OKftfettK. 

(4) mie*— ser^^^v^M^ (002) ®£ 

fete (111) I^SM^P 5/^yO-^*W 
1. 5° £JLT-C*S±IE (2) ^fcte (3) OMtftftM 

(5) ME*— Em^fc^^ir/HKtt* -^tf)^M<£>'> 
ft< bi>8 0%#, mW&£ 5 0 OmW+AWft* 
Ri*2i«BTTfc8±B (2) ftl*L (4) *hv«x 

(6) MIES i*jeSS«^LT, *©aw*Bi s . z 
r ^K^KIR^J: 9»fi8Sttfcl x i o£E®«j££r*rr 
6S i ^®*QSSK£/B^<5JilE (1) ^V^L (5) <D 

(7) lWE*«*»Ri:b-C. S i -to (1 
0 0) M£fete (111) ®^S«^ffii:^6J: 5 l-ffi 
V*3-hE (1) ftV>L <6) <DV^ftj&><0iMtWf*lRo 

(8) 1 0cm 2 J^_L^ffi^^*-f-6±IB (1) ftV^L 
(7) <Dl*i"*Ld*<0iWfc*l*^ 

o) _tia (i) ft^u (8) <D\*^irtifr<Dmi£Vonm 

(10) Si <D*iiefiS4R±J-*J*Six. m^Z r !_ x 
R x 0 2 _S (-wT\ Rf3Y£^tf#±l§&JilX£>9. 
x = 0 — 0. 7 5T« 0 £fc, 5(10 — 0. 5X£> 

Tfcot, K^W^S^^^l X 1 0~ 5 Torr£*_hcoK£i- 

u »ci^-e, zr^ &tz< kt>m<oib±m&m (y 

Sr^tf) ^&Mtc* ^ © 5V>4 < H Z r o 
MJMU»bZ r tft±*AKOit4:M«LoonWF^* 

S£iEifi#<0#ia«* 1 X 1 0 -4 - 1 X 1 0 _2 Torr<t L 
X, JfflE9«»»tE*>fflK*ffi^ IMMMMISraifcr* 
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(11) S9B&KoJR«^J:€»«j|&d^omE»{ktt* 

&mmm<Dmm»n-?. 5nmaTiw«a-*-si»iB"Cfc5 

±E do) o|fefc«*fRa»rt£fe. 

(12) <0#±«&K (Y^tf) /Zr(D 
*/uit& 0 ^ 3 IcflJIS LooPB$|;i^S§£i*:5_hfE 

do) fti>u (id <Dmimnm<Dm&jjm* 

(13) «%J®*^C0*±li^JR (YSr&fr) /Zr<D 
10 ^UttSr.O. 25^61. 0l-^J»Loo(^^|c:^$ 

itz>±m (12) <alfefls«MHa«Jft*& 

(14) si mt&&mm±\maiistiit.»tfiz r t _ x r 

x 0 2 _5 (CCX\ RttYt$tf*±*A*-e*>9s x 
-0-0. 7 5-CfcSo 6120-0. 5tfc 

MMt'fcot, JtfflBi*n\ s i ^ass^Jbo 

z r £'>ft< ki>im<n$r±m&m (YSr^tr) <£>*JM£ 

20 oStKXBUi* MEiMbWIiSr^.^^^^-r/^*** 
* x «rE»fifc<& ¥-gE M 3i tr * * -r ahm * mOL-t z - 

(15) MIES i l£*4ifi£tE£ l/T\ *<03ltRaffidS x 
Z r^TtteZ r*5ct^>^< i:t)lS^±^I (Y 

£r#i-SS i*ffi*0!aS«Srfflv^6±B (14) (DWtitm 

(16) mrias i ss^ix^, ffiiss i *j^f 0 £S^ 

X^lfF^XS 0 0 — 7 0 O^tCiPl^-r^)^ irtjl-, HftfE 

#IS^;^^^/£^ 1X1 O'^orrJ^^: LX. ttTfaS 
SSffiJco. 2— 1 0nm<DS i Mf btbJI U 
§L SffiliS^6 0 0-1 2 0 0tl^RSt5fci:t 
131, MEXa»rt^aMbtt^S:*AUX*4< kt>S 
«i£^(7)#ia^:^: 1X1 0"" 4 — 1X1 0 -1 Torr£ C 
co«^x% MIES i IfefttfMI *s*rt**tfc*S«lf^^ 
Z r SfcllZ r i'>4< i: t 1 i(0*±«4I (Y*r* 
tf) ^III(a<9«tX, MIES i¥*g^S«^S« 

^®^r ixi (nmmmmt snfct©-efcs±ia (is) 

(1 7) MIES iWeilg«£l.X, SiWfitr, * 

<o (ioo) (ill) ffitm&mftktezx 

p^c:ffiv^6JllE do) / t ^v^L (16) <n\,^-ffrfr<nm\yto 

(18) MIES i m^SSfficr)^®!-. *<Di&&frt>m 

comE*ie*is«ifi«««t«©«fij 

»J:9IMbtt*^»ffi«»tv^#B*t*:^a±B (10) ft 
(17) <ov^i"Hd^^b*»lR^**^jfeo 

(19) MIES i ^.jeSS«*. StESffiffittdSl 0cm 
50 2 K±ot«4:i-a4:4:t>«w % »«rtT?EMEt"6wi:l2: 



9 

fcoTl!KW^«-*IWk*»««:**i"6Jt1B (10) 
/^v>L (18) wv^-fix^Kfk»SliBI^JefiK*«fe. 

(2 0) StrlB^tf^^ri/ir^KSrJB^SBR. ffifflBS i 
*3BftS«*7 5 O'CWilwlniSR-rSilB (10) 

(19) <ot^"fttd^<oKft»»l»o»fiK*jfe, 

[0 0 18] 

[jgfl©^ffl • *»w©iMk4W»§ir±, s i 
»aaR*Mlc*rt*;h*:JH/*z r !_ x r x o 2 -6 (c: 10 

X\ RttY*<£t**±«&*-Cfc?K Zr H R x 0 2 - 
5Sf*L<lix = 0~0. 75, Sfe^ff*L<ttx = 
0. 20 — 0. 5 0T'fc6) ^xt^^r-/t^KX*$)6 

■fefbtMNR* 5 * 1. 5 0° WT^D5,^y^-y^ 
ffii|ig s *5it;«Sp*S 5 0 0nB"eO. 6 Onm^JlTcOi-^ 

[0 0 19] *tt*S«*-t^ffirt-CIeWE 

[0 0 2 0] ft*3, 2-2 5 8 7 0 0 *43r«tw 

(B a T i O s ) *je*Bt«r**#X?*KL. 

L**U ^Bfl5p2-2 5 8 7 0 0-gr^«lCBB^Six^ft 30 
Y 2 O s <f*Z r0 2 

#W2- 2 5 8 7 0 0^^«(OJ;5I^ fiftKJPfll* 

^IMbtt^f^ ^SAim^ si ¥tt 

Si0 2 ) Six. ifi8ffi^ftLXL*5o C 

t»AL4v^»T?Z r *5j:tMBr±«£« (Y*r£t?) 
<7) 5 fc'>fc < £ fc Z r t:3K« IT, raXBI^S-fftM 

£J8^T, «fBH3F2-2 5 8 7 0 0*4i«(Cl*3Jt6«e* 
a)B8H^S:*F*l-"CV^o ±12^2-2 5 8 7 0 0 

z<ox b 4 w**> s xei-oi ^x± < late 

dS*V\ Se>lw, ±E»B¥2-2 5 8 7 0 0t^«l: 
BI!»Sixfctt«tt* 1 0cm 2 i^±©*tffia^tt$S 50 
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M5p2-2 5 8 7 0 Of^Ufct, £Sffift2. 2 5cm 
2 Oft 1 5 X 1 5mm 2 ) ^Mfc«*S 4. * 

SW^rl Ocm 2 B±«r«T«fcUTV^«. 
[002 1] 

[Aflc^wa] 4»n«>iiftMmni. s i we&sjs 

Xffil^tfSftfcfififcZ r !_ x R x 0 2 _S (CC"C% R 
«Y*$tf*±a&K"C*)t). x = 0-0. 7 5»^L 
<teO. 2 — 0. 5 0T?*)5) ©xtf#*^t/HI"C* 

[0022] ztDMkto^\?**is* &&&&&& *<o 
HZ r !_ x R x 0 2 -6ttjE*ftOteiSMc:fc6 0 -tixfiLL 

[oo2 3]-*. x^o. 7 5 

Z r !_ x R x 0 2 _6 <D (10 0) ai fcf * *v'ir>MR& 
£i-£<K Ctf)$Sigxte (ill) co«$a^ilA 

[0024] i-ttt>*>, E***3J:t/A*S<?5"effeStt 

x 0 2 _ 5 tw^V^Xxf^O — 0. 75, »*l<»0. 2 

— o. 5 oroiaffl-e^s/^rS^ UTflHxfc^tf**>' 
[00 2 5] «r±«AJR«, 8Wk»*B!^±i-»**ix 

#±«41iUTY«rfflV^Z 0 .7 *0.3 °2~ 
6fe^tli0. 5 1 5nmX*feofc 0 C (Dffite x tfHKfc: 

»YBCOl (ft^SO. 3 8 6nm) »Z 0 .7 R 
0.3 0 2 -8K*ffi©» : flw»l4 5 0 mte-r^CirtcJ: 

!_ x R x 02_«»»^36»«r*:*<-r6ri:3»BrfBK:ft 

[0 0 2 6] tt*5. •**««:**4v^B(Mb^=»-'> 
Att. fb^Z r0 2 t»«fe*feix6*, Y^^O^± 
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ftw<nmttonm<oi^&fc^z m_ x r x o 2 .5 t 

[0 0 2 7] #$gW<a±f5^b^l8£tf> (0 0 2) m& 

tzn (ill) y*isy%~zf<n*mMYt 

1.5 0° ^TTfc^ ^©(0 8 0%^. 

L< 12 9 0%J£U:, #1-9 syo^CDAFlVKrj:^^® 
(+^^ffi$R z ) &mm&£ 5 0 OnmT'O. 6 
0nmJ^TT*&5o **3. ±B«0^— fe^-^tt, Z r 
0 2 *K^SI^^fcoT^i-^U/cftSc0 1 0>$r 
0fa±SrJB!lSbT^ttt?*>6o »fc«5*JBiC>RH 
EED«t^ h y— ^tt3ftSKV\ i-JfeiP*>, RHEED 

¥flDH*3J:t/»P«sS 5 0 OnmT<0+j£¥J$fc*R z ^ 

0. 7° UK. SMS 5 0 0nmX^+^*&ffiSR z 
a*o. 1 0nmSK-e*>So 

[0 0 2 8] »KJtlEIWfc*WlW s . g£i?f£l8r< 

W^TciRO^t-lftfiL UZr^9 3mol%^_L^i^^JSc7) 
Uf&Z r 0 2 0^fcT**^ir/MBtT&£»&fc:tt. 

ttt-fclE bTt j: 5 tc^— gerpi <d t <z> ^# e> ftr ^ * >t 

UZr^9 3mol%£JL±OiBJWJKO*-gBrPl^tr^^^ 
^ywK-CfcS Z r 0 2 J»Bl^#6n*: 0 
[0 0 2 9] _L|BZ r 0 2 *JK«> M*S:l»<fll«5n* 
«gUZ r £9 3mol%J£JUu «M£ 9 5raol%JLU_L. $ 
l£ 9 8 mol%JEUi> ££>{C19 9. 5mol%£A±"Cib 6 d k 

[0 0 3 0] ±EZ r ©tf i©±»»» mfe<okz.?> 

9 9. 9 9%T'fc£o 

[0 0 3 1] ±ffiBMb!»Bttt. 7mol**»-C*±»&& 
^ P ^(O^Ffik^^AyX^ ^X h X V \ 

[0 0 3 2] ±|SZ r 0 2 ifflKOj&iflte. ^SEf^ffi 
©*#U ^1^8 0%^ #£L< J3 9 0%J£JI 
±, #M 9 5 %Ek±fih SMS 5 0 0nmX<D-l-&¥%) 
ffi^R z^2nmJ^TX^^Cdr^^^uv\ £fc. ±15 

ITU WE^IPJ«wffds»e>ix6p 
[0 0 3 3] ±1EZ r 0 2 ftoRHEEDfell ^rO 
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* hy-*ttaM*fcSsv\, -r&;b*>, RHEEDS^ 

9, rcoz r 0 2 »*£i5!i£tt!K MI S*-r^ 

[oo3 4] mttonfRtommnm&izxQmft&tiK 

^5/77i^LTfl5~5 0 0nin, ^L<|j:50~l 

10 v\ igSfioiE§i:LTlv>$f^|c«, 5 0-5 
0 0njna^t><^#£Ll\> £fc> MI S 

^ft^M U*Tfflv^«^^tt. 0. 
5 — 5 Onm. 1 ~3 Onm^^ IA\ 

[0035] ±iaiMk;»»i«^±i-»*S tt«5«tBifi 

-c&*k *flcwfc:tt, Bimm<mmmmm, YBa 2 
cu 3 o H (ybco) jem»K^^jataem»^. 

B a T i 0 3 . P b T i O3 . P Z T\ P L Z T\ 

K BiiTO^^itM, SfelCtt, La 
x _ x S r x C0O3 , L a !_ x S r x Ca x Ru0 3 ? 

<omt«tmwM^mfhti^ in 2 o 3 (sn 

K-W , ^r^M^^S^ Pt, Si, Ge. G 

a a s m<n¥mt*** **<DmB,*mmmk tx^it 

[0 0 3 6] ^M^W^^W ^fflStRtt. i^-ft_h 

[0037] ^ic. *&w<Dmimmm(DMf£xm^ 
^xnmizm.m'r^ 

[00 3 8] ftjb\ *%W^fi£*&SrHS6i-S^fc/c 

40 [00 3 9] ifgllli, I^«la^U 

C k Z> X b izfj: or ^-5o ±B4?/^3rtlctt, 

[0040] ifgiui, Kfbtt^^«U8ttli 

7 ^t«xlX^ t) , C <DSH£&tfx&#mw. 7 ©SW 
^P8lt ±!B*^3 0iSCT*JwiBK*tfCV^ 
50 6 0 CiliaoT, »<btt^^!4. *3B*X4R2ifi«t? 
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^gae$ixT^-6, rjx^Z r aS3MB9*3,fctW8r±Si 
*5^X\ Pte. Jta**^-?**. 

[oo4i] s-f , mmnmnm i »rt#8sfc: 

^>fbife?f^^$n5S«^®i: UT, (10 0)® 

*>*v^t (i 1 1) m&m&ztiz. &mwtm±\^Mf& 

^frh&&&m®tt&k'tZ>titbXhZ> 0 4*3. 

%x6^ilS5X 1 O^TorrmST-fc^o APSMaSttZ 

r0 2 <o&&it(ofr£>\^4 o ot:a±dsa* b< x £<b 

[0 0 4 4] »>T% Z r&£.r33fc±M<D&m (ZZX 

[0 0 4 5] Z r*3<t^Y^^b^^eom*SS^«- 
tt»+**>f Si^tt* *LTIMbte#*«:ifcKLTW: 
4fc4i\ K^btt^x^rife^^i-^i:, Steffi*:® 

(OJSffitt-^WWttz r 0 2 ££/&#<^S££^efr<b 
•f. ^**i^/w*Att^fB£45o «S4K^co 
flW&*>f S^tt, Z r *5£t/^±2i&Jg<D?V>4< 

mm£Bf&-r%kLfck$(omwmnLx^ mmxs 

nraJ^T, W:0. 0 l~5nm«|&Lfc**SW^a* t 
LT^£§Wbtt&»7cl**U SfiJHHMRSrZ r 0 2 

[004 6]«itf, SiI«i:YSZfe«f6i 
^SrW-**^ Z r AJR*3J:t^Yft«0»fkRjCHi 
0 0 OK |r*3l^~t 
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Zr+0 2 =Zr0 2 AG = - 1 8 7. 

6 (kcal/mol) 

4/3Y + 0 2 = 2/3Y 2 O s AG = — 2 2 7. 
1 (kcal/mol) 

Qto**/i>*f-mkftki>tt-c*:%\,\ -ttefrh. Z 
r*5<tt^YttK^L^<. mycmk^Xm<Zk^7jk 
LTt^o S iSSMOS i 0 2 £<0@«Rj£4:»je 

Si0 2 +Zr=Zr0 2 +Si AG = -43. 1 
10 2 9 (kcal/mol) 

AG^^i^S i 0 2 ^Z r i^ct t)3S7C$n6C«h 
£^LTIn£o Yt-oV^TtraW-CibS. CtOKJSJwJ; 

i-4te*>. YSZ^«KWlcZr+YA««:W8U * 
&Kt. Zr. YfcflM&U YSZftrtfimi 

t J- J: t) ft»4 y s z tf- * ^i/^A'riMtassta-e* 
6 0 4*5. S«*ffi«io^iWt:ftdsft#4»^*fw*5V^T 

20 [0 0 4 7] Z r #±S^JH (£lT<fc»W 

■cr±YT?«*UXttWi-6) laJ:tWMbtt*^*:iM»* 
Zr0 2 ^ 
rT% 0. 0 5-1. OOnra/s, #£L< 

teO. 100 — 0. 5 0 0nm/s£i~£C £^33: Ll\ 

•rgzkm&ztiz wmngs&msm <mmz&w&± 

ttdSft^SixSo C^fcfe, Zr0 2 5* 
B£<£«»f-$fc£*>. Zr, Y^#&JRdS««ai^ftlx.fc 
30 m^S*frt-i:9. tWflfct^'otSI^U Z 
r , Y. Z r 0 2 . Y 2 O3 <03K»K*:*jifci-6j&**:JG 

m, **s>. m*vmm. no 2 

WrtlciRitbJxfcyX/HcJiB, 2~5 0cc/^ 

Xffi«rto^4 < k t>¥J£A£Ki&ff lw 10^1 0"2 
40 TorrSff<7?»*#ffl««:f^6o SrigK^fitt, 

9, *>P>d^i«>a^4«*Sr*«)T*5<o :^t«i^ 

**Mi*oA]WR«r*ib**Sri:4<. a^-t*>«36 

50 fc3&St?#-6. ^O^f, *S«rttt*JR«)^«$tt-CV> 
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Z><DX*n&W<0\Zk A^cogfl^mi 0~ 4 -l O^orrO 

Atfits 2 >r ^o*# tem&&mmffimizf&m-fz>it 

ftS. CO^, SKOBNEfttt* 1 Orpm 

Zr, Yx 0«>-t*t-e#i^»*»#*S4CSfc»-C* 10 

3£BOttM?t±l 2 Orpm SRt?*>S, 
[0 0 4 8] ±|fiZ r 0 2 — 0*±Jg&JS (Yi^tf) 

[0 0 4 9] Z r 0 2 **f4i«ift*^iC**-iE*A- 
^3^rt&?>„ Zr0 2 ^Q^^i/f hfcS&tfcS 

&<Dm&m^z>j3t>m&is><\ -t^yta, zr, 20 

(Y£ratf) /Z r O^VjfcJ^ 0 — 3. 0> £f£L< 
iSO. 25-1. 0Tfc5ifc^»4U> o C*Uc£ 

^o^, ¥*g«X«£LTtt, S i 30 
®£ tx, (10 0) ffifcSiMS (ill) BsPaKS 

^^^ftfrfcM 0%^y{bT^-^^7K«ffi^f(C 

jb^ss i m^Antsii, 1 ocm 2 u±(Dmmm 

m*fto^tfrX^Z> 0 ZHlZXV. Ml S^t^'^ 40 
cm 2 SffT*>6 0 £*ll-J: Sffi2>f 8 ^ 

[0 0 5 1] »»ffc;*ixfes i WttNISKtt, m^XBL 

i&mm^ft&s zti&fcm-tz Bitot. z r o 2 

X\ S i *3BftS«oStR*ffiS:ftco J: 5 K LTiM 
3lf6 0 50 
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[0052] *-r . mfcmmtmmtztitz s i 

LT, S i HMgAS«^SDl^ S i BWtftJB 

N0 2 ««rfli^a:: iWWfcSfifcS i«M£ 

tffcfc* S i ^SSS^I 

o. 2-1 owfemt-?z>^kt>m*^\ 

0. 2nm^«T*«S i mm<Ol%m&*%&Xh£frfi>X 
10 0 5 3] ±|G(7)»^ 3 0 0-7 0 0t^IS 

iw. o-i 0ftum&ftLxft? o z<nti*. &m&m 
3o-7ot/^ii^n 0 

9. air, ««jWfrJ-fffc!l. 

[00 5 4] Kfcte#*<0*A«:. «x.tfiWktt^f^ t 

LxK*^fflv^6»^, jKstrt&sini x i o- ? -i 

x i o -^orrSKoXffild u SMbft^^^#A«cj: 
JE^i x l 0~ 4 £;k<5J: 5«wLTtT5c^dS#* LV\> 
^tfcoTU<, 4$t-l X 1 O^TorrUg 

[0055] ±ibi&«, MQ^xtom-r&o s i mm 
[0 0 5 6] anSRtaRW:, 6 o o-i 2 0 ot:. ^ic7 

0 0-U0 0 , C^tSCi:dS»*U\ 6 0 0t*8 

x&zk, s i *e*ifitffii!ia»t5 1 x 1 

#btt^v\ 1 2 0 orSrjgxa^ »»JKIc«t5S i 

mm&&v>i%m*+ftxte< s i *ms^^^^^^ 

[0 0 5 7]OVNX% Z r fclMttt^*fcW:Z r *3J: 

wgr±« (Y«r«tf) t m\&x* zmmmte-r 

5o r.Oi^mx?Z r li!IiX«LfcS i 

fcS i SQUj^A^ffitcz r k&m&tc&Z r i:#±«A 

[00 5 8] *®«jgli, Ra*ftStt?-i»lallJT (Reflec 
tion High Energy Electron Diffraction : ^T. RH 
EED£3fc-f6) \^£Z>&<Ds<#->'Xm'<Z>ZkfcX 

«^j»AW*-l6]^ [110] -CB150 (a) IC 
^Lfci^ncl^WC 1 by— ^/^^-^ 

<h^«9, A^f^]^r [1-10] tCLTt>^<P^^ — 
>-<h46o S i fcfciWf (1 
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0 0) BGD$§'d1X2, 2X1, 1X2£2X 
l30sa«ELTV^«BB«3fti:*6. 5 ft**!- 

12, RHEED^^-yii, muffin fa [1 

io] [i-io] w-rtifr* *fc»pf*"ciai 

5(0 (b) Kl*UfcJ:5*. 1««»!C 1 2ffiF»»!C 

^Til, IBRHEED©/^-^*^ Al^^fol 
^ [110] *5£TJ* [1-10] pCSfC, H15© (b) 

[0 0 5 9J ^fcSi (10 0) ffi#mm&> IXlffi 10 

titztf. 1 x l ^W«^£3&w#9M4«fc 
< 1 x l £S i »«T?tt^BriBT* 

[0060] 1X2, 2X1, 1 X 1 Vvftl^jgOS 

l^kK^S^S^SS^aiLfcl x l«ig£2c£ 

[0 06 1] J^±, Si (1 0 0) ffiSrWKRW Lfctf 
(111) ffil^V^Xt>> »#ffi<0«£tt»fc6#, S 

iyfc6£^6K$tc®Lfcl x l*3t*:Je®c»«i-Sr. 

[0 0 6 2] Z r *&f*Z r#J;tf#±Ii (Y«rg*f) 

&jr*>#w&si3\ t(Dmtm^nx\ o. 3-10™, 
JbZfc&xhZo -ties i »ffc««0)Ji*<z>±si 

<D#£ LlMK^ 1 0nro<b LfcS&ii. 1 0nm£j@;t6 

[o o 6 3] mt&#xi: isxwtm&m^zm&te, 2 

~ 5 0cc/»»*»|M-S d £ Ll\ ftig^S 
[006 4] JEJLko> S i SfigI^IIlUJlT^a*^fc 40 

a. 

[0 0 6 5] JSfiSflfi^WcW^JBI-^^sacEWaSfi. 
-titfi^li©**^* < * < tt« - 1 K J: 9 
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ma, nb^*#S05ffl»^U»3i35S^c^:»^-tL 
£mXn»3g<bJ:.£ 0 »JWk*ttfcSi (100) <OWt 
B«> l x 2 *fcfct 2 x i si (ill) 

11, 7 X 7 t fed 2 X 8 y i/^ ^ t 

i*Btt, fc<fc, »<t*»Bi«:^fc'* 

**>WBf&-t&mm (7 0 0TO1) "Ctt, 

C^»rtSix«ci:lcJ:*)»«E«fflds«a!!S*L, i*B*£ 

[00 6 6] S iIS±l:Stt^xe^^r'>t^f 

^e^icr*, s i mm<omm&&i£x\ a>o*s&«i 

*u**e>*i\, mtto^x* *i/+/i'm&g*\z.is\ / *x. 

jgfii x immtti:z><Dx\ maMt^xf 
&t$itz>tzib(Dmfc<DWtmffimn. 1x2, 2x1, 7 

x 7*ttt2X8»S©*#4*fi^ 5'5'~*rt>olMt 
<Ci8«5S«:»* L < ft < , 1X1 fflH&j&s&STfc 

6 0 :cfcr**->*/Uja»tt, 7 0 0tK±OH« 

[0067] «±<bj:5i-* mmmmztitcs 

[0 0 6 8] Ctf)Z r 0 2 SEfijai tT 

fiZ r 0 2 co^{bC0fc«)tC4 0 0 c CJ^±^g^u<. 
^H^g^^B^ta^^#6fc^^H8 5 0t«±j55ff* 

ms&mte<otom&B[<D±mn: 1300 

[006 9] ^V^, Z r ^mT* tr-^^X^DSfe 

T% f&mm&te. 0. 05-1. OOnm/s, #*L<tt 
0. 100 — 0. 5 0 0nm/s^*t"acii:^M^LV\ * 

Z r&JR$3j:^±JS^jR (Y*r*tri 
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>\ m+wmm. no 2 «Kr«v**w zz 

tfbtlfcy XMZX 9. 2-5 0cc/^ £f£L<f25 
<7V>ft< i:t>¥^S«^^l 0" 3 -l O^Torrflg 

pg£ l 0 _1 Torr£ bfctfm, K5CStf rttdfe^^j®* 10 

mmxmx*mtiL±r*(DZifo t j: b s c i: * t? * 

^|§Ol££A^©35#f21 0~ 4 — 1 0" 6 6TorrO<g;V^ 
^tC&oXV^o 

[0070] * i cm 2 m&com *mmr? 20 

-{ yf ©**4W»I«Rii«fcJi«t6fc»l!:ttB l 
StROlaHESkW:. 1 Orpm ^±T$>5C^^S^ 

nm&mm<nmm±i 2 o rP m gflre*>* 0 
loon] &,±. mm^m^mm^mm l^t^k z<o 30 

[0 0 7 2] ^±<7)j: pfcLXW&nfcW^'M *Jfl 

tJJOIU «^)S i o 2 SrttflN-S-^t-J: 5 DRA 40 

S 0 se>Jc:*:ai«±l-ai«Bffii: UTS i &Mf&-tZZt 
lcj;t)SOlr^^^ttlSfflt*#s *fc3SR«it:. 

^SHr^, XMyfOE I C, S 

quid. v j 3 t7y>i : f-, jB«*h7>^^^. n 

[0 0 7 3] 



[00 7 4] Hffiffl 1 

^ (i oo) ffibtaz>±?\z®m, mmmm^tcs 

USA, ®*<omm* (ill) ittSJ: &® 
illt^S i Srffll^fco iffi«®MAt4 0% 

[0 0 7 5] JCS»rt^K«*n^ia«*3J:t/*DSI!«»« 

2 Orpm t bfCo 

[0 0 7 6] r tSXXfYtttl^MkiL 

UUK3MKd*&Y/Z r^/WtX0. 4 5l*loo 

Z r + Y^ftOKW;:** IX 1 nmlcBLfcftbtf. / 
X>o^P>g^jf;*f;*.£ 1 0cc/#<^#J-&T*#AU &JH£ 
K3R*RJ6**#?1 1 5 OnmtOY S Z)^£#*l 0 

[0077] ^mmmxmhthtc.mm\z^^xm^^tc 

XRD (CuKaft <D#£j|t:£r0 2 |w^i" 0 @2 (a) 
«SfitLT®S:ffiv^»^ 02 .(b) W:S«©«:ffl 
XtfUUlfriaX*)*,, H2 (a) CttYSZ© 

(002) tr-^3&swiR^«*Sixx*5f9. 
£fcl8 2 (b) Jdtt«^«5fio (ill) fcT-*a s 9IKC 
K««**tr*J9, »IM4*rKlfcLft: 
< EM LfclS*il*# 6 tuX v * 6 £ k 

So 

[0 0 7 8] S&fc:, H3^StE®Srfflv^*&o»B! 

3 (a) liS i (O [1 0 0] *fta**>S^iB&AWLfc 
*&* 0 3 (b) ttS i [110] ^m^e>AM 

X, 5X5mm^^fi^!?Hlt, AFM ( Atomic Fo 
rce Microscopy :JK?ff|*SKtKtt) ^J:D««Ufc. 1 

£ 0 *fc, t^toWR^*K«S«S:ffl^, J I S 
B0 6 1 0fc:*«+A¥*WHSR x (£*S^L : 5 0 
Onm) SrW^Ufctr.^. W0. 1 6 nra. Mi&X 
0. 1 2m -Cfcofco Py*y^-^*«« 
Wl. 2° , S/hXl. 0 7° Xfcofc 0 z<o 

«^Mx#e>nxv>-5c 

[0079] mm&&ifo<o&m<n7*<r>mifcmk. 
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SSffiSffi ( (10 0) E*a**BiL-C«l*fc) ±fc 

»*ShfcYSZitXRD (xftBlfr) * 
JrtfRHEEDKJ: 9 IMftRMtfrX 1 K:*Lfc. 
[0 0 8 0] 



(Bfiffift*) 

(ran) 


*S A 14 


0 




0. 4 




1. 0 




2. 0 




4. 0 




7. 0 




1 0. 0 





10 



[0 0 8 1] £0*1 5 l£« &JWfc*&§£ 

B£i?tfe3fT\ 5nm«T*Lfc*S\ fi#Kx e'**^ 

[0 0 8 2] HJ£#J 2 

a* (i o o) mttezxoizmwi^ mmmm^s \ m 
®t<omm^ (ill) kt£z>±?Kmr, mm 30 

i5fc#£tTofe 0 *4b\ SiSfilt SS2>f^P3}g 

[0 0 8 3] *ag»rt{^B$tt/!:®te^«t^PfR«* 

1 O-^orrSTJftttlft^V^lwJ: 9#*Lfc 

£2 Orpm TfEMES*. »**£ffitfiSl£/ X/i^ib 2 
5cc/»(0||^-CiALoo, 6 0 0tl:xMUc o 40 

5o - 1 nm£D S i M4£%>m&J&f& Vtc 0 

[0 0 8 4] St££9 0 O^lClAD^L 

(Blte^^:fc 0 0«s*«2 Orpm i Lfc c CcD£#. /X 

2&R±|£&JRZ r fc3IS»«[*»6«[***6c i KJ; "9 , 
Z r ^JR^b^^KSt-*^ IT 5 nmmm U 1 X 1 CO 

«±te£JRZ r *rJR»«d»6tR***SCi^J: z 
r &JR»fc«WBISIw&g IT 5 nmffefc U lXKO« 50 
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ffi«iS*«x.5S i «ffi«i3gS«S:#fc. c fttrf2(Dg>& 
±tC&JgZ r £Y&Y/Z r O^r/V-JtTO. 2 2|:jqii 

«&u i x i <D&mmm&ffi?tz> s i ^®&5is&£ 

#fc 0 C;h,k©*ffi*RHEEDlzJ:9M£Lfcia*:IS 
6~8tw^r-f 0 

[0 0 8 5] rix^n-r^TAI**^ [iio] -ease 

Lfcfc #9 0° ®t5Ltt)i<*54i:/^-y 
Tfcofco -T^^fe, *3£*lxi©«B*3gSrLfcS 

i ^ ® mmmfc tmktix^zzt tmm £ h s B 

loose] ros i »ffi«ygStR±l-. Sfi 

itS 9 OOt, HieiStt2 Orpm s S XjVfrhmikJf* 
£ 2 5cc/»tf5W^-e»A Lfctttt-C£*Z r 
?i^Mt6r tJ-it). if5 0nm(DZrO 2 i^ 

nine a. b(&*ya»tt±fc»*: 0 ^fc, «riac«i3gs« 

BW50nBOYSZ (Z r 0 92 Y 0 . i 8 0 2 - 6 ) K 

[0087] mh*itt3mm<DMm\z^xm7£i>itx 

B^^m 9—11 (-^i~ 0 (§Il-teZ r 0 2 <7) (00 
2) t 0 — ^ (jg|9) % YSZ (002) tf— ^ (gjl 
1) #91ISU:«§fcS;hTV^ 0 il0WZrO 2 ^) 
(111) f-^teS iS^f~^i:^l:S^oT 
V^ 0 Z r 0 2 !3J:t/YSZ03K*«3fi, *MW4*rR»: 

We>©R«T*9, WKZ r0 2 Kleins*** 

I^MtlO. 7° (J£»Jffi) . 0. 8° («MflO . 

o. 7° (s i s«sr^t?n»Jtt) xhvmfomz&ti 

[0088] S^Ul. 012-1 4l:C(Oil^RHE 
ED ( Reflection High Energy Electron Diffraction 

)'<#-^*7jk-r v m>*u<nx*$j5mv$>s is^co [1 

6 0 £G>S5*fc* hy — ^X*><5^^ — Zr0 2 

Xfc^o ^fcZ r 0 2 K^Jl^YSZ^ffifet^Sraj^U 
^itt*, YSZl:< fe-<5fflp<oK»tt«r*U teJ&ffii- 

fr?ti<nmmv>\z&±mz.t>tc^x 1 o^. j i s 

B0 6 10l:J:5+^fiSRz (SSP^$L:50 
Onm) SrMS Ufc: £ £ 5, Si (10 0) IffilOZr 
0 2 i-CflWCO. 7 0nm, f^TO. 9 5 nm, */h 
tO. 10 v Si (111) Ste±^Zr0 2 Ktfi¥ 
i^XO. 8 0nms f^tl. OOnnis g/K*0. 08. 



(13) 



^Ip8- 1 0 9 0 9 9 



23 



24 



Si (1 0 0) SS_b60YSZKT^l¥^-C0. 7 5n 
nu S^C-CO. 8 Onnu */Kt?0. 12id*l/^"C 

[0 0 8 9] YSZl^Y^rPr, Ce. Nd, 

Gd, Tb, Dy, Ho. E r mzfrZ-1tb Z ±l£ 

[0 0 9 0] 

[iP^oMl *»BBI-J:6»a*«feri. Zr0 2 

i^co-e&5 0 
[0®<z>ffii£fclft0!] 

[13 2] #jsSAStRJ:«-#fettfcYSZ»IK^xJ||eI«r 
H-Cfco-C, (a) *3,fctf (b) tt, 
tRi: UTS i **» ( (10 0) m&m) U«SftS«*3 
£tf S i ((111) ffiffiffi) #*£,8,S«&JB^ 20 

H2CO (a) |C^b/cYS Z^CO^I^i^^mT-MlH]^^ 
[10 0] ^rfiid^tt^lftSrAWLfca^. (b) fctS 

i ¥i££stKa [iio] *iPjd>e>« j f-j»*A*tL-fc» 

[B4] »«[03B*«**:«-fiaBft«*X"tffcoX. 
HI 2 GO (a) IC^UfcYS Z^OOM^^^^^i-J:^) 

[(95] H*fc#JC0YS ZBgcoH-^i^ffi^R z C3-/ 

tuTyymxibZo 

[19 6] Z r&JR^KSKUiJ: x l^tB 

«5g£#i-£^6#j2ic:fctt6 a COS i ^t£co^®*i£ 

-*-fc*re*!K SiWSitllOlJlPl^t^fc 

[197] z r 41 J: 0 1 x l ©SB 
»J6**ri-6HJl£«2(w*3»+5b^s iS«cog®«it 40 

&^-r0ffiWB^KT*fco-C\ RHEED/^-^ 



■rt^Tfc?), siwsft [no] w&wi* 

^^®«^^^i-ia®«ffi^KT*fcoT, RHEED^ 

*-v£^-rt>co-r?fc9, S i *»Sfi [1 1 0] 
bS^j»SrAl*bfclHl^^--v*T?*>6o 
[199] Si (10 0) SffiilcWfetLfcZ r 0 2 

[B10] Si (111) Sfi±l-#^fcZr0 2 O 

mmm <o x ^0 $xm x &> £ „ 

[(9111 Si (100) SS±i:#6tifcYSZW« 
tftagco X flfUHlJFr t9T*fc £ o 

[(912] Si (1 0 0) S«±lC#^ixfcZ r 0 2 ^ 
JIS*»3fi«:*-t-Blffi«:ffl^*t?fcoT, s i &&&&& 
co [110] /l^l^AWUcf^RHEEDH] 
— >-£tjM-(9T*£>£o 

[1913] Si (111) Sfi±i:ft&tlfcZr0 2 © 

sigfi«ai*^i-iaffi«:ffl¥X-e*>o-c, s i 

CO [110] ^e>m^j»*A*tUfc*-&^RHEEDls] 

[(9i4] si (i o o) mm±\z.mhtitzYsz<D& 
^mm^-rmm^m^Mxhox. s i mB&mm<o 

[110] *^m^»^AWUfc*&ORHEEDHlJff 
[1915] (a) te> 1 X 1 CO^SfiiigcORHEED^ 

(b) 2X1. ix 

2, &z^&^tibt>m&^x\t^zm&<ommm&<nR 

[«F^KM] 

i mmmm 

1 a 

2 SMS&Kfi 

3 zfr/l^ 

4 HME«| 

5 * 

6 fc— * 
7 

8 KMktt^^WiieP 

9 Z r jK9S8S 

1 0 m±m&mwM& 



(16) 



^sps- 1 0 9 0 9 9 




(16) 



4$BH¥8- 1 0 9 0 9 9 



[H9l 




29.08 25.88 



2 a 



[HI 21 




imi oi 



S 1 s<s 

iiO-'Zr 0. {Ill) 



28.80 25. BB 38.88 35.118 48.1 

2 6 



II 11 



"4^81 50. BB 



[HI 31 




[HI 41 




(17) 



1 0 9 0 9 9 



II 5] 



(a) 




(b) 





HtWBl ¥^7^9^ 1 4 0 

m«i i ] si MtjkitiR±izmat$ti* m&z r 

-Cfct) % x = o-0. 7 5T«o 5 110-0. 

5"C*>£ 0 ) ^^^'>t/^ix-&^ ^-co (0 0 
2) ffi*fc«: (111) JBtoEUttw — 7n 

5 0 0 nmW+WS^R z ^ 0 ■ 6 
0 nm£JLT"t?fc-5 wi:Sr4*ai:-*"5BMk»»IK« 

[»*3g 2 ] si (Z5*teftss±icjgfiKsnfcia«z 



[W*«4] MIS¥-gE^^t°^^v'-r^cO (0 0 
2) ffi^fcfi (111) ®^JK*rC0n y*l/7lt — -7<D 



[MM 5] ^¥-Klft^fcT**S/ir'MKr±* 
^spJSft^R z^ 2 11111^X^5^2^^14^ 

[81*8 6] «es i £ tx, *:<nmmm 

-£gd (10 0) ®£fcte (111) ffijftSK*RSffifc*6 
[HMtqt 8 1 1 0 c m 2 «±<affi«£*"i"6»#* 1 



(18) 



WBB¥8 - 1 0 9 0 9 9 



Zr l-x R x°2- 5 RttY«r£t>*±JK 
&JSXfe!K x==0 — 0. 7 5tfc^ 5 110 — 

0. 5T*&5o ) ^^^^V-Y^Bt-efc68Mb«»l» 
*>»/fcfrtfcXfcoX* S^^lX10~ 5 To 

w*«*fcjni»u &v^x\ z r *Mt< ifflo 

fcZ r*»J*0*»Md»bZ r £*±«&B0Jt;«:fH*P 

xiO- 2 Torr^ LT; fflriamfeSSffi^Sfi^M 
lei, 

[SI#JKl 2] JK8Hd>&4>*r±MAJK (YSr-^tf) 
/Zr O^E/Ht«: 0 t>>b 3 UoolPJ^lKlBS* 

MMtiHi 3] ft«Ha>t>4>*±SiAJI| (YSrMr) 

/ZrM/Ht*0. 2 5H1. 0«C(H«IUooP1«f 

[flt*4i 14] Si JKHr*XIR±^»A»n^BAz 
r 1 _ x R x 0 2 -S (::t% RllYSr^tf*±WA 
x - 0-0. 7 5X*>* 0 5 0 - 

o. s-e*>e, ) CD*— gEfa^fc^^^MKxfcSifc 
ftft»i«Mt$)ox, KfflJirt'e. s i 

r *fcttZ r th l«tf>*±3g&JR (Y«:t 

-r A'** £ x ffiriattfiKo *— E«I ^ fcT * * -y /UK fc 

Ml*«i 5] Atrcs itMSS^ix, ^olS 
SB^. Z rifcliZ r *5J:tjR/>4< t I80)#±i 

[j»*«16] WI5S i Sfi&JS&K* LX, -^^^f 
iaSffi^M(Cl 0. 2 - 1 0 n S i 
U S«lS^6 0 0-1 2 0 0traSt5 

M(RKattrttwK{k;.tt^^S:»ALX-'>*< 
£ fcSfiuBff <0#B*l* 1X10~ 4 ~1X10- 1 T 
o r r U C<0#fSX> HtJlES i Kft;«lJI^»A$n 

M&m (YSr^tri i**»teJ:0ttl&LX. MML 



im#mi 7] turns i »^sr^-r-5BS. sfctett 

#*£«ALfcK£ltf*!X. S i «MSiRi£«4: 3 0 0- 
m%LV>Wtmfr&& lxiO~ 4 Tor r £Lt£ LX, S 

UMtai s ] mes i *^sssk ux. s i m& 

(ioo) m&tct* (ill) BasSfi^flS 

[»*«2o] mies i mmmmmm 

«*Bictofcox*ittt^Je-ttiifb»»B»fc»*i-6 

[if jfc*2 l ] ME^ir**'>*/w«*:»j*i-aBU 
Mies i WttAStK* 7 5 o^fiUifcMfc-failbMI l 
o fcv * L 2 o o v >ftid^Kft^ii(oM^& 

[^KMjE2] 

[»jE»«qiB«l oooi 

[0 0 0 1] 

IZffiffiJE 3 ] 
[«jE^*SIS*] B^*fflS 
HijE»««B45] 0 0 17 

[tt^f^^l 
[0 0 17] 

[KSSr»»-J-5fe«)0*a] c^J:541Wf4, TIE 
(1) - (2 1) <o*^{dJ: t)ai^*n6o 
( 1 ) S i ^S«±I^M$tl, a^Z r x _ x R 
x 0 2 -5 (--X% RflY*r^tf*±»A«-C»>0. 
x=0-0, 7 5Xfc6« Sfc/fittO — O. 5 Xfe 
5o ) Wxt^^v/t^itfe^ ^(D (0 0 2) 
fete (111) ffi^HB^o giJ 
1. 5° £JtTX% ^oIi©/><c<H8 0%^ 



gSSOOnmW+^WfiSRz^O. 6 0nm^ 

(2) S i (7)*jg^Sffi±i^^^ttfc*a^:Z r o 2 <£> 

(3) fllJIB^— E^)3ifc p ^^'>Y/HK^»aiS:l»<«!^ 
7G*a>*K8l» LT Z r £ 9 3 %£JLt<MrfS -blE 

(2) OSMbWflMB* 

(4) gria^gai^^tf^^rv^/^^ (002) M£ 
fete (ill) ffi(D&tt<ov y*^/?*— -7<D¥igM& 
1. 5° EJLT-C*>6-t1B (2) (3) <E>SMbfe» 

Bio 

(5) tfffB*— gBft^t^^^'Hgite. <£CD^®C04> 
ft< ti>8 0%&, I*fi$5 00nmW+^a 
$Rz^2nmKT-C&5±S (2) fcl^L (4) <m> 

(6) Mies i m&ihmfct lt. -t<B£««ffia*. z 
6s i «ffi«i3ss«*fflv^±ia (i) *v>u (5) co 

(7) ffim&m&mfob b-C, Si*8S«:, (l 

0 0) ®£fcte (ill) ffias£K»B£*5<fc5fc:ffl 
i^£_Lie (l) ttv^U (6) coi>i^h^oBtfb*»5WRo 

(8) 10cm 2 ^ffia$:#t6±ia (1) ^V>L 
(7) toi^ftfl^lMbttftlKa 

(9) ±15 (1) &V^U (8) (Z)V^ttj&^SMb»aW» 

do) si <z5^igastR±^**tt. m&z r 

X'fct). x = 0 — 0. 7 5-Cfc5 0 *fc. 5 12 0 — 0. 

^Stfcot, SE£«f*9*^#] 1 X 1 0 " 5 T o r r 
JL^JtcoK^t-U CCO^ffiT% S i co*.^St£^0f^ 
taffitwJJDfRU. &V>T% Z r t. l«co^r± 
ta&A (YSr^tf) <7)*&JR5c^^co5 V>/«f < irfcZ 
r ^rSfJ^cOlK^aS^^Z r i:*±JS&*^Jt«r»J«Uo 

X. ±KJt£»rtlw^btt#*£#AU X£«rt<04> 
ft < £ t> *JBSS«iS«^#ffl^S: 1 x l 0 ~ 4 - 1 x 

1 0 " 2 T o r r t LT, ftftiEi|MSi&S«<0£«3EB 

(11) «rflBAJR^»**-iS«J&d^<^ittlBlMI:tt^ 

&JR»^^KJ¥tft*"C^ 5 nm«TJw«ai-S#IB"C*) 
6_L1B (10) <DlMb«J»§!W**»*. 

(12) fc*Wa*e><D*r±JH&M (YfctO) /Z 
^e/WtSr 0 frh 3 ictBW Lool^B^lc^ _bf5 

(10) (11) <0ttffc»»K^/S#teo 

(13) *«W»&©*±«4JI (Y*r£tri /Z r(D 



ftffl¥8~ 1 0 9 0 9 9 
^eMbSrO. 2 5^1. 0 ^»J»boora«?l-JR«* 

*s±ie (12) (DmikVoftmnmtittm, 

(14) Si »ISiSfi±l:M^nfc|I^Z r 1 - x 
R x 0 2 -5 (CCT, RttY*^tf*±»AJR"t?*> 
0, x = 0 — 0. 7 6te0-0. 5-C 

(oM*fet*feox, ftssrt-c, s i *3essffi^^ 

8ft, JCffiSrt^*>M<btt;tf*<0#A, *5J:t/Z rSfcf* 
Zrm<i:tlS«±gM (YSr&tf) 

(15) MISS i »S£f&S«£ UT, ^roS«SB^, 
Z r *fc»Z r *5 J:V>4 < i: 1> 1 »<0*±M« (Y 

^tss i mm%m&fe*^^z>±^ (i 4) cog^b 

(16) stria s i*ffi*&3ss«i: ur, -tosuiastR* 

m^0. 2-10nmOSiittiWU CCD 
SffilS^: 6 0 0-1 2 0 0 , CI-K3£i-6 t 1 1> 
Id, fflflBJIS*rtJ-St{btt^^«:*Ab-C*ft< 
4Rifi»«)#ffl«5;*r 1X10" 4 - !X10~ 1 Torr 

4:U :^«mt, fifties i Hft;«lf»3fts**Six*:»« 

Affile. Z r ^fcttZ r iW< H li»t±I&I 
m^StS^^V^^-hlE (10) ftV>b (15) OWf 

ix3a^»^b«#«l^*fiS;*iSteo 

(1 7) HUBS I B*fls«4r*J*-t-S«L IMMfctf**:* 
AUfc*ffitrtT\ Si*MSfil:3 0 0~7 0 0t 

i^lX10~ 4 Torr^±^LX, SitW 

s«r^i-s±ia (16) <Dmkmmm<oi&&jifeo 
(1 s) miss i mm&mtiik lt. s i * 

(7) (10 0) ffi^fcte (111) m&&tiL&fttt£&£ 
5fclffll^5-t1B (1 0) ftl/^U (1 7) (Dl^i**W^^ 

fb«>WKtf>»fife:fr«fc 0 
(1 9) Fifties i **Sfia«^>*Ki-. *<nm&frhm. 

«9^b^^^/£^^^ N #ffl^^^^>-tlS (10) 
ftv>u (18) cov>-f^^o^b^?H^B^*& 0 

(20) miies i **sas««r, mwimmmm*i 0 c 

t>fcoXllJtttl-*-ftit<b«SIBI*»fiK-t-6-t1E (1 
0) ftv^U (19) (DXt^tifrcomikyoWl&nffif&Jj 

(21) ffiife^t: o ^^^^y^^^^;-r6^. fifties i 
&&M*&&&7 5 o < cj^±{^D^-r^-tie (10) 



(20) 



1*§l¥8- 1 0 9 0 9 9 



u (20) <D\^M*<nm\^nwk<Dm&-)ofeo 
miEtt&m&&] 0062 

[0 0 6 2] Zr*tznZr&£Xfi3k±M (YSr^tf) 
^I^Wtlt, ^r^SWItt, 0. 3-1 On 
m> «l:3-7nmgS^U\ 0. 3nm*|t 



(D)ii?:^±PSco»^ LlMfi£r 1 0 nm£ LfcSfcte, 1 

mimm t+^i-aTc-e* * < 4 Tsnwfep-o-c < 6 & 

[«jE*fe] 3E5L 

[«jEP^] 

[139] 




2B.M 



[*BE*MMIB4&] mi 1 



[01 1] 



YSZ (00 2) 



20 m SjB . iSTfi 



s i Stt 

A. 



I 



4i.fiffl 45.00 50.00 



2 6 



1 0 9 0 9 9 flfljE) 



[JSffB] ¥^11^ (199 9) 4^60 

I'Amm^] »B¥8-1 0 9 0 9 9 
[4*MP] ¥^8^ (1996) 4^300 
[*P»»#J ^IB««F^«8 — 1 0 9 1 
[tHS**! *W«¥7 — 9 3 0 2 4 

C30B 29/22 

501 

23/02 
HOIL 21/20 
21/314 

[F I] 

C30B 29/22 Z 
501 E 

23/02 
HOIL 21/20 

21/314 A 

[«tUB] ¥fiJc7^9^ 1 4 0 
[91Ht2E 1 1 

mjEttmwm*] mum 

[S** 1 ] Si *a^Z r 

1 _ x R x 0 2 -5 (C^X\ RttY«:$tf*±«AJR 
"C*!K x = 0 — 0. 7 5-Cife-5 0 6<i0 — 0. 

5T^6o ) <D^t°**is-r/l<mX*fr*). ^(O (0 0 
2) ®£fcfi (111) BSWSW©oy^y^^© 
^tt«35S i . 5° ^TT\ d^oX90O^4 <H80% 
^ S?^5 00nmT^+Wa^R 2 ^0. 6 

[if** 2 ] s i w*jg»»«±^*«*ixfca*z 

[If** 3 ] gfiam-Kfir* fcT * * ~> * >MN*SgfcX £ 

[SS**4] miB*-ffi|6l3itr^^^ir^«<0 (0 0 
2) B*fc» (ill) fli^Sll^oy*^^-^ 

lit** 5] M«*-Bm^tr^*v'ir^KW:. 
»BW>4< <bt>8 0%ri5. i*f^5 0 0nmt^+ 
,£¥#)ffl£R zd*2 nmJ^TT*&£fS**2ftlNL4<7) 



[8***6 ] fi&SBS i ¥IM&K£ LT, ^©Sfit 
z r 41 t»»lwj: 1 x l (DSStt 

[»**7] «HB*»*«Ri: L-C, Si*8l^ 
(10 0) ffi^fcfct (111) flS#*E:fiE£*S 

Mo 

[IS** 8 ] 10cm 2 ^JiO®«£W1-£IS** 1 

[is** 9 ] is** i4i>t8 (D^-r M^owtimm 

[IS** 10] Si <D*ttft««J:^*fiK Stt, ifefiJc 
Zr l-x R x°2- 6 (--T\ RttY«r&ti*±« 
x-0~0. 7 5m 5120- 

o. 5T^6 0 ) 

©»J5fc&8fetf*>oX, S»^S)lX10~ 5 To 
r rEJLh<Z>X£t-U -0>tt«T\ S i 4>¥J£A&K«: 
Uf36a«li»l»U % ftV>T\ Z r '>4<^tlio 
*±®&JR (YSr^iri ^#&JR5c9R^to5^*< t 
i>Zr &Wl*V>1&S6Mfrt>Z r i:*±HA«roitS:»J» 

fct>*tt**fiiS«^)»ffl««:l x 1 0~ 4 -l 
xiO~ 2 TorrHT, immt&&mK<Dmm*tlB 



(2) 



*MB¥8- 1 0 9 0 9 9 (ffliE) 



/z r <D*j\s&&ofrb3\zfflwis'i<>mtiF\zmm£i£ 

[gf#3U 3] ffi9MK*>&*>*±SftJR (Y*r*tf) 
/ZrOT^lt^O. 2 5^e>i. 0CIB«iUooBe 

[ft** 14) Si *ISSSS±^^$tt/c«fi^cZ 
r 1 - x R x 0 2 -S RltY^tftiM 

o. s-c&s. ) co*—saiPi^tr^^-^-ir^j»-e*>5» 

r tftBZ r t*//< 1 1 llOft±lil (Y£^ 

[»#Ki 5] wies i jM£A£K£ LT, ^Olffi 

Z r SfcfiZ riej;(;/M< £ t> li^ffg 
(Y£r&tf) U^fiKSixfci x i<d 

[«*gl 6] SftlBS i ^MISK^ IT, ^<DHff 

t fcStRififf <0#Hfc& 1X10 _4 —1X10-" 1 T 
o r r £ U :Oft«t\ MIES i ttfb4MI0SJBjiKSft 

tz.mmmm\^ zr^zr^>4<Hiw± 
7] ins iiMb««:»fiKi-dRi. mbtt 

# * &mA Lfc|^*fftT\ S i ¥JSAStK«r 3 0 0- 
Hft^KlR^ffiSr lX10' 4 Torr £JLt<t Ut\ S 

fee 

8] JfflflES i HMSASiRi: Lt, S i 
**N (10 0) ffi^fctt (111) 

[«S**1 9] iMlES i H«Sift£tRa*ffit;i. ^roifi 
Iti^i: 0 fMbtt#*#iE^i«^#Hft*f£*»# 



[gS#3C2 oj utriss i JHSAStsfr. Sttssrai 

[g*#Jg2 1] WE^tr^*5/ir/vBI*r*rt-J-ft», 
MIES i **SAStR£7 5 0t;«±U:MfR+6W*Sl 
0 N L 2 o co^-f n?5^K^#Ko^*«feo 

I«KM]E2] 

[JfilEttftSSi*] ^as 

l*tjE»fe*B£I 0 0 0 1 
[000 1] 

WiB±<!>«JB5MH S i WJ£A£fi-hfc:& 

mjEM&mB£] 0017 

[0 0 17] 

[M*tf*-r*fc«C><0«M c<o«fc5*B»ri. Tie 
(1) - (2 1) co*»W^J:!?«rilSix6 0 

( 1 ) S i MSS^±(cM$ii, ««Z r ! _ x R 

x -0 — 0. 7 5T*fc6 0 Ste0~0. 5Tfc 

6 0 ) <D^t?**ci/v/Uf$-?&,9^ ^(D (0 0 2) ®£ 

fc« (ill) m<Dfr&<Dti >y*>y*>--7<n^mMfr 

1. 5° £TFT\ ^of®ro/M<H8 0%^ g2p 
f^5 0 0nmWWt$R z ^0. 6 0 n mJ^ 

(2) s i <D&&&mfc±\zmf&ztit£mf&z ro 2 ^ 

^— gEr^l^ tf * ^ V /HBt-C *> 6 KfbVsfflK. 

(3) Sftia»-ElRl3ifcf^^iy^^JK^^^<»^ 
TciRtfWz:** tt Z r ^ 9 3 %J^_L^#i-^±1S 

(2) o^b^^o 

(4) mU&-&ft^¥?*>'*/um<D (0 0 2) 

fdi (ill) m<r>Ktti<ou 7<D*mm& 
1. 5° £AT-C*>*Ji!E (2) ttli (3) O^bfeW 

(5) «raa*-iarRi^fcr^^v^/HKtt. ^(omm^p 

4<H8 0%^ £2frg£ 5 0 0 nmWfWfi 
SRz^2nmaTT*fc$±|E (2) /^V^L (4) cO^ 
i"ttd>OK<b»»i«o 

(6) ttCS i m»AX«K& -t<oa6K*ffids % Z 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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precisely. 
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CLAIMS 

[Claim(s)] 

[Claim 1] It is formed on Si single crystal substrate, and is composition Zrl-x Rx 02-delta (here, R is 
the rare earth metal containing Y, and is x=0-0.75.). Moreover, delta is 0-0.5. It is an epitaxial film, and 
the half-value width of the rocking curve of reflection of the (002) field or (1 1 1) a field is 1.5 degrees or 
less, and at least 80% of a front face is the ten-point average of roughness height Rz with a criteria 
length of 500nm. Oxide thin film characterized by being 0.60nm or less. 

[Claim 2] Composition Zr02 formed on the single crystal substrate of Si Oxide thin film which is a 
single orientation epitaxial film. 

[Claim 3] The oxide thin film of the claim 2 in which the aforementioned single orientation epitaxial 
film converts only into the composition element except oxygen, and contains Zr 93% or more. 
[Claim 4] The oxide thin film of the claims 2 or 3 whose half- value width of the rocking curve of 
reflection of the field (002) of the aforementioned single orientation epitaxial film or (1 1 1) a field is 1.5 

degrees or less. . 
[Claim 5] For the aforementioned single orientation epitaxial film, at least 80% of the front face is the 
claim 2 whose ten-point average of roughness height Rz with a criteria length of 500nm is 2nm or less, 
or one oxide thin film of 4. 

[Claim 6] The claim 1 using Si surface treatment substrate in which the substrate front face has the 
surface structure of lxl formed of Zr metal and oxygen as the aforementioned Si single crystal 
substrate, or one oxide thin film of 5. 

[Claim 7] The claim 1 which uses Si single crystal as the aforementioned single crystal substrate so that 

the (100) field or (1 1 1) field may turn into a substrate front face, or one oxide thin film of 6. 

[Claim 8] 10cm2 The claim 1 which has the above area, or one oxide thin film of 7. 

[Claim 9] The substrate for electron devices which has a claim 1 or one oxide thin film of 8 in a 

substrate front face. 

[Claim 10] It is formed on the single crystal substrate of Si, and is composition Zrl-x Rx 02-delta (here, 
R is the rare earth metal containing Y, and is x=0-0.75.). Among each metallic element characterized by 
providing the following, at least, evaporate Zr simultaneously, controlling the ratio of Zr and the rare 
earth metal from a separate evaporation source, and a metal is supplied to the substrate front face of a 
single crystal substrate. It is behind in simultaneous with supply of this metal, or a predetermined time 
with, and introduce a oxidizing gas in the above-mentioned vacuum tub, and even if few [ in a vacuum 
tub ]', atmosphere near the single crystal substrate is set to 1x10-4 - lxlO-2Torr. The formation method 
of the oxide thin film characterized by growing an oxide thin film epitaxially into the substrate front face 
of the aforementioned single crystal substrate, and forming in it. Moreover, delta is 0-0.5. The single 
crystal substrate of Si is heated to predetermined temperature, and, subsequently it is Zr. At least one 
sort of rare earth metal (Y.) 

[Claim 1 1 ] The formation method of the oxide thin film of the claim 10 which is the time when the 
predetermined time to the aforementioned oxidizing gas introduction from supply by evaporation of the 
aforementioned metal is equivalent to 5nm or less by thickness conversion of the metal thin film formed 
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in the aforementioned single crystal substrate. 

[Claim 12] The formation method of the claim 10 evaporated simultaneously, controlling the mole ratio 
of the rare earth metal (Y is included)/Zr from an evaporation source from 0 to 3, or the oxide thin film 
ofll. 

[Claim 13] The formation method of the oxide thin film of the claim 12 evaporated simultaneously, 
controlling the mole ratio of the rare earth metal (Y is included)/Zr from an evaporation source from 
0.25 to 1.0. 

[Claim 14] Composition Zrl-x Rx 02-delta formed on Si single crystal substrate (here, R is the rare 
earth metal containing Y, and is x=0-0.75.) Moreover, delta is 0-0.5. The formation method of the oxide 
thin film characterized by performing supply by heating of Si single crystal substrate, introduction of the 
oxidizing gas into a vacuum layer, and the evaporation to the single crystal substrate front face of Zr or 
Zr, and at least one sort of rare earth metal (Y is included), growing the aforementioned oxide thin film 
epitaxially into the substrate front face of the aforementioned single crystal substrate, and forming the 
single orientation epitaxial film of the aforementioned composition. 

[Claim 15] The formation method of the oxide thin film of a claim 14 using Si surface treatment 
substrate in which the substrate front face has the surface structure of 1x1 formed of Zr or Zr and at least 
one sort of rare earth metal (Y is included), and oxygen as the aforementioned Si single crystal substrate. 

[Claim 16] While heating the aforementioned Si single crystal substrate at 300-700 degrees C within a 
vacuum tub, the aforementioned Si surface treatment machine Introduce a oxidizing gas in the 
aforementioned vacuum tub, and the oxygen tension of the atmosphere near the substrate is set to 1x10 
to 4 or more Torrs at least. While forming 0.2-10nm Si oxide layer in the aforementioned substrate front 
face and setting substrate temperature as 600-1200 degrees C after this A oxidizing gas is introduced in 
the aforementioned vacuum tub, and atmosphere near the substrate is set to 1x10-4 - lxlO-lTorr at least, 
in this state The formation method of the oxide thin film of the claim 15 which supplies Zr or Zr, and at 
least one sort of rare earth metals (Y is included) to the substrate front face in which the aforementioned 
Si oxide layer was formed by evaporation, and is made into the surface structure of 1x1 in the substrate 
front face of the aforementioned Si single crystal substrate. 

[Claim 17] The formation method of the claim 10 which uses Si single crystal as the aforementioned Si 
single crystal substrate so that the (100) field or (1 1 1) field may turn into a substrate front face, or one 
oxide thin film of 16. 

[Claim 18] The formation method of the claim 10 from which a oxidizing gas is injected from the near 
on the front face of the aforementioned Si single crystal substrate, and atmosphere where a oxidizing gas 
partial pressure is higher than other portions is made only near [ this / aforementioned ] the single crystal 
substrate, or one oxide thin film of 17. 

[Claim 19] Substrate surface area is the aforementioned Si single crystal substrate 10cm 2 The formation 
method of the claim 10 which offers the aforementioned oxidizing gas quantity partial pressure 
atmosphere over the aforementioned whole single crystal substrate, and forms a uniform oxide thin film 
substantially over all the substrate front faces of this single crystal substrate by rotating within a 
substrate while considering as the above thing, or one oxide thin film of 18. 

[Claim 20] The formation method of the claim 10 which heats the aforementioned Si single crystal 
substrate at 750 degrees C or more in case the aforementioned epitaxial film is formed, or one oxide thin 
film of 19, 



[Translation done.] 
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DETAILED DESCRIPTIO N ___„ 

[Detailed Description of the Invention] 

[industrial Application] this invention is Zr02 formed on Si single crystal substrate. It is related with the 
formation method of the substrate for child devices using the epitaxial oxide thin film and it which are 
made into a principal component, and the above-mentioned oxide thin film. 
[0002] 

[Description of the Prior Art] The electron device which formed the superconductivity film or the 
dielectric film on Si substrate which is a semiconducting-crystal substrate, and was integrated is devised. 
By combining a semiconductor, a superconductor, or a dielectric, the dielectric separation LSI by still 
higher LSI and SOI technology, a nonvolatile memory, an infrared sensor, an optical modulator, optical- 
switch OEIC (opto-electronic integrated circuit : opto-electronic integrated circuits), etc. of a degree of 
integration are made as an experiment in the combination of a semiconductor and a superconductor with 
semiconductors, such as SQUID, a Josephson device, a superconductivity transistor, an electromagnetic 
wave sensor, and the superconductivity wiring LSI, and the dielectric. 

[0003] In the semiconductor device using these superconductors material or dielectric materials, in order 
to secure the optimal device property and its repeatability, it is required to use a single crystal as 
superconductor material and dielectric materials. In the polycrystalline substance, it is difficult to obtain 
a good device property because of the disturbance of the physical quantity by the grain boundary. This is 
the same also about a thin film material, and the superconductivity near the most perfect possible single 
crystal or a dielectric epitaxial film is desired. 

[0004] The crystal structure of the main oxides superconductors and ferroelectrics which are 
applicatively worthy has taken the perovskite structure. Now, it is impossible for epitaxial growth of a 
perovskite type oxide to be greatly dependent on the material and crystal orientation of a substrate, and 
to grow a perovskite type oxide epitaxially directly to up to Si substrate. Then, it is Appl.Phys.Lett., 
Vol.54, No.8, p.754-p.756 (1989), and Japanese that you prepare the buffer layer which grew epitaxially 
to Si, and a perovskite type oxide makes it grow epitaxially on it. Journal of Applied It is stated to 
Physics, Vol.27, No.4, L634-635 (1988), and JP,2-82585,A. 

[0005] Especially, it is Zr02. Since Si crystal and grid adjustment of a substrate are good and grid 
adjustment with a perovskite crystal is also further excellent, it is Zr02 on Si substrate as buffer material 
of early to Si substrate, and a perovskite crystal film. The epitaxial film attracts attention. 
[0006] furthermore, Zr02 high chemistry stability, insulation, a latus band gap (about 5eV), and a large 
dielectric constant (about 20) are provided, and epitaxial [ on Si ] for this reason ~ Zr02 A film can be 
used as a capacitor not only the aforementioned buffer layer but for a SOI device and DRAM. 
[0007] The former and Zr02 Various methods and composition have been considered about 
manufacture of an epitaxial film. For example, in Appl.Phys.Lett., Vol.53, No.16, and p.1506-08 (1988) 
(the 1st conventional example is called hereafter), it is Zr02. Y2 03 It is said using the added YSZ 
(Yttria-stabilized zirconia) oxide target that the epitaxial film of YSZ is obtained on Si (100) substrate 
by the ion beam spatter method. Moreover, the above Japanese Journal of Applied It is said on Si (100) 
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substrate Physics, Vol.27, No.8, and LI 404-05 (1988) (the 2nd conventional example is called hereafter) 
from the vacuum deposition which evaporates a YSZ pellet by the electron ray gun within the vacuum 
tub which introduced oxygen that the epitaxial film of YSZ is obtained. Furthermore, it is stated on Si 
( 1 00) substrate by the laser ablation method for having used the YSZ target Appl.Phys.Lett, Vol.57, 
No 1 1 and p. 1 137-39 (1990) (the 3rd conventional example is called hereafter) that the epitaxial film of 
YSZ is obtained. Furthermore, it is stated on Si (100) substrate again ThinSolid Films, 299, and 17-23 
(1993) (the 4th conventional example is called hereafter) by the reactant magnetron sputtering method 
using the target which carried Y pieces on Metal Zr that the epitaxial film of YSZ is obtained. 

[Problem(s) to be Solved by the Invention] As mentioned above, although a YSZ film is used mainly as 
a buffer film for growing a functional film epitaxially, in order to obtain a quality functional film, it 
needs for the crystallinity of a buffer film besides matching of the lattice constant of a buffer film and 
the lattice constant of a functional film and front-face nature to be good. The pattern of the half-value 
width of the rocking curve of the reflective peak in XRD (X diffraction) and the image by the reflective 
high-speed electron diffraction (RHEED may be called below Reflction High Energy Electron 
Diffraction-) can investigate the crystallinity of a buffer film. Moreover, front-face nature can be 
investigated by the surface roughness (ten-point average of roughness height) measured with the streak 
nature of a RHEED image, and the force electron microscope between atoms (AFM may be called 

[OOOSn However when using the above-mentioned conventional method industrially, the following 
problems arise. Since the sputtering yields of Zr and Y differ like the 1st conventional example when a 
YSZ target is used by the sputtering method, if it goes using a new target, aging will be produced in the 
Zr/Y composition on the front face of a target. Moreover, although the RHEED image of the YSZ film 
obtained in the 1st conventional example is a streak, it is not so sharp. In addition, although analysis 
about the rocking curve or other front-face nature of a reflective (002) peak of a YSZ film crystal is not 
performed at all, it is thought that these are not good. 

[0010] Like the 2nd conventional example, also by vacuum evaporationo, a YSZ pellet can irradiate an 
electron ray, and becomes an elevated temperature (about 2000 degrees C or more) in a vacuum, 
decomposition of Zr, Y, and O takes place, and aging is produced in composition of a pellet. If 
composition of Zr/Y differs, crystallinity will also change with about [ that the lattice constant of a YSZ 
crystal mainly changes ], and composition of Zr, Y, and O. Moreover, the RHEED image of the obtained 
YSZ film serves as a spot, and front-face nature shows the bad thing. In addition, although analysis 
about a rocking curve or other front-face nature is not performed at all, it is thought that these are not 
good. 

moil] Like the 3rd conventional example, in the laser ablation method, although there is almost no 
composition aging on the front face of a target, YSZ cannot be formed with a sufficient distribution to Si 
wafer of a large area (more than 10cm2). This is because the field in which the discharge direction of the 
quality of a target emission by laser is restricted, and YSZ is formed uniformly is a part in Si substrate. 
Also in other material, this phenomenon is seen by the laser ablation method. Moreover, the oxide target 
and pellet which are generally a sintered compact are unsuitable, in order to high-grade-be hard toize 
and to manufacture a YSZ epitaxial film with high purity. Moreover, although it is said that that in 
which the surface roughness which the half- value width of the rocking curve of the obtained YSZ film 
excels [ surface roughness ] in 0.71 degrees, and was measured by AFM was also excellent with about 
lnm is obtained, the particle partially regarded as a sludge by the surface image by AFM is observed, 
and there is 2nm or more of irregularity of this portion. This particle is considered for a big cluster to 
adhere to a film, in order to often see on the film produced using laser ablation and to evaporate a target 
by big energy laser. In addition, other properties, such as RHEED, are not described. 
[0012] By the spatter using the metal target, the above-mentioned composition change is Ar and 02 
whose a thin film front face is spatter gas although it is few like the 4th conventional example. It is 
exposed to plasma and there is a problem that crystallinity is confused. Moreover, the RHEED image of 
the obtained YSZ film is not sharp, either, and rocking curve half-value width is also inferior in it with 
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1 6 degrees. In addition, other properties of the obtained YSZ film are not described at all. 
[0013] moreover, Appl.Phys. -- 58 (6) and 15 September 1985 the 2407th page and Appl.Phys. -- 63 (2) 
and 15 January 1988 to the 581st page etc., "Zr02 can grow epitaxially on" Si single crystal substrate -- 
things are reported As for the crystal, it is said that not a single orientation film but other crystal faces 
are contained. Usually, Zr02 of bulk becomes monoclinic system from a tetragonal phase and near 1000 
degree C at a room temperature a cubic and near 2500 degrees C to 1000 degree C above 2500 degrees 
C. Generally in an epitaxial thin film, the high cubic of symmetric property is easy to be obtained. This 
is because the equivalent crystal face exists mostly compared with a tetragonal phase and monoclinic 
system in a cubic. Since the crystal face which is not more equivalent than a cubic material exists 
mostly, the different crystal face tends to mix a tetragonal phase and a monoclinic system material 
besides the orientation side which it is going to acquire. Therefore, Zr02 Since a case is also the 
material of monoclinic system [ a room temperature ], the epitaxial film of single orientation is not 
obtained until now. 

[0014] Aforementioned Appl.Phys.58(6), 15 September In the 2407th page of 1985, it is Zr02. Zr02 of 
the monoclinic system [ temperature / membrane formation ] in 800 degrees C or less A film is obtained 
and it is Zr02 of a tetragonal phase at 800 degrees C. It is said that a film is obtained, these ZrO(s)2 a 
film -- setting -- Zr02 except for an orientation (002) side - (1 1 1) -- in or (1 1-1) (200), that the crystal 
face exists shows ~ having - Zr02 The single orientation film is not obtained. Moreover, it is Zr02 
until now. There is no example of a report that the single orientation film was obtained. Moreover, 
membranous reflective high-speed electron diffraction (RHEED may be called below Reflection High 
Energy Electron Diffraction-) Zr02 to depend It is described by evaluation of a film crystal front face 
that a RHEED image is a spot, and it is thought by it that big irregularity exists in the front face. Thus, 
Zr02 The film with good crystallinity of an epitaxial film and front-face nature is not obtained until 
now. Furthermore, Zr02 Although production evaluation of the semiconductor device using the film is 
not carried out until now, when it is not single orientation, an interface with the electrode or 
semiconductor which a grain boundary is formed in the interface of different orientation sides, and is 
formed on it when front-face nature is bad is confused as mentioned above. Therefore, it is difficult for 
an insulating fall, aggravation of an interface property, etc. to arise and to obtain a good device property 
because of the disturbance of the physical quantity in a grain boundary and an interface. 
[0015] Like the above conventional example, when either of the streak nature in the rocking curve half- 
value width of the YSZ film as a buffer layer, surface roughness, and a RHEED image is not good, 
either, the functional film which grew epitaxially with high quality on it cannot be obtained. 
[0016] Then, this invention is Zr02 with good crystallinity and front-face nature. It aims at offering the 
formation method of the epitaxial oxide thin film made into a principal component, the substrate for 
electron devices equipped with this oxide thin film, and the above-mentioned oxide thin film. 
<DPN=0005>[0017] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - (20). 

(1) It is formed on Si single crystal substrate, and is composition Zrl-x Rx 02-delta (here, R is the rare 
earth metal containing Y, and is x=0-0.75.). Moreover, delta is 0-0.5. It is an epitaxial film, and the half- 
value width of the rocking curve of reflection of the (002) field or (1 1 1) a field is 1.5 degrees or less, 
and at least 80% of a front face is the ten-point average of roughness height Rz with a criteria length of 
500nm. Oxide thin film characterized by being 0.60nm or less. 

(2) Composition Zr02 formed on the single crystal substrate of Si Oxide thin film which is a single 
orientation epitaxial film. 

(3) The oxide thin film of the above (2) in which the aforementioned single orientation epitaxial film 
converts only into the composition element except oxygen, and contains Zr 93% or more. 

(4) The above (2) or (3) oxide thin films whose half- value width of the rocking curve of reflection of the 
field (002) of the aforementioned single orientation epitaxial film or (1 1 1) a field is 1 .5 degrees or less. 

(5) For the aforementioned single orientation epitaxial film, at least 80% of the front face is the above 
(2) whose ten-point average of roughness height Rz with a criteria length of 500nm is 2nm or less, or 
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one oxide thin film of (4). r 

(6) The above (1) using Si surface treatment substrate in which the substrate front face has the surface 
structure of lxl formed of Zr metal and oxygen as the aforementioned Si single crystal substrate, or one 
oxide thin film of (5). . 

(7) The above (1) which uses Si single crystal as the aforementioned single crystal substrate so that the 
(100) field or (1 1 1) field may turn into a substrate front face, or one oxide thin film of (6). 

(8) Ten cm2 The above (1) which has the above area, or one oxide thin film of (7). 

(9) The substrate for electron devices which has the above (1) or one oxide thin film of (8) in a substrate 

noTlUs^ormed on the single crystal substrate of Si, and is composition Zrl-x Rx 02-delta (here, R is 
the rare earth metal containing Y, and is x=0-0.75 .)• moreover, delta is 0-0.5 Heat the single crystal 
substrate of Si to predetermined temperature, and subsequently, among Zr and each metallic element of 
at least one sort of rare earth metal (Y is included), evaporate Zr simultaneously, controlling the ratio of 
Zr and the rare earth metal from a separate evaporation source, and a metal is supplied to the substrate 
front face of a single crystal substrate at least. It is behind in simultaneous with supply of this metal, or a 
predetermined time with, and introduce a oxidizing gas in the above-mentioned vacuum tub, and even if 
few [ in a vacuum tub ], atmosphere near the single crystal substrate is set to 1x10-4 - lxlO-2Torr. The 
formation method of the oxide thin film characterized by growing an oxide thin film epitaxially into the 
substrate front face of the aforementioned single crystal substrate, and forming in it. 

(1 1) The formation method of the oxide thin film the above (10) which is the time when the 
predetermined time to the aforementioned oxidizing gas introduction from supply by evaporation of the 
aforementioned metal is equivalent to 5nm or less by thickness conversion of the metal thin film formed 
in the aforementioned single crystal substrate. 

(12) The above (10) evaporated simultaneously, controlling the mole ratio of the rare earth metal (Y is 
included)/Zr from an evaporation source from 0 to 3, or the formation method of the oxide thin film of 

(13) The formation method of the oxide thin film the above (12) evaporated simultaneously, controlling 
the mole ratio of the rare earth metal (Y is included)/Zr from an evaporation source from 0.25 to 1 .0. 

(14) Composition Zrl-x Rx 02-delta formed on Si single crystal substrate (here, R is the rare earth metal 
containing Y, and is x=0-0.75.) moreover, delta is 0-0.5 Supply by heating of Si single crystal substrate, 
introduction of the oxidizing gas into a vacuum layer, and the evaporation to the single crystal substrate 
front face of Zr or Zr, and at least one sort of rare earth metal (Y is included) is performed. The 
formation method of the oxide thin film characterized by growing the aforementioned oxide thin film 
epitaxially into the substrate front face of the aforementioned single crystal substrate, and forming the 
single orientation epitaxial film of the aforementioned composition in it. 

(15) The formation method of the oxide thin film the above (14) using Si surface treatment substrate in 
which the substrate front face has the surface structure of lxl formed of Zr or Zr and at least one sort of 
rare earth metal (Y is included), and oxygen as the aforementioned Si single crystal substrate. 

(16) While heating the aforementioned Si single crystal substrate at 300-700 degrees C within a vacuum 
tub, the aforementioned Si surface treatment machine Introduce a oxidizing gas in the aforementioned 
vacuum tub, and the oxygen tension of the atmosphere near the substrate is set to 1x10 to 4 or more 
Torrs at least. While forming 0.2-10nm Si oxide layer in the aforementioned substrate front face and 
setting substrate temperature as 600-1200 degrees C after this A oxidizing gas is introduced in the 
aforementioned vacuum tub, and atmosphere near the substrate is set to 1x10-4 - lxlO-lTorr at least, in 
this state The formation method of the oxide thin film the above (15) which supplies Zr or Zr, and at 
least one sort of rare earth metal (Y is included) to the substrate front face in which the aforementioned 
Si oxide layer was formed by evaporation, and is made into the surface structure of lxl in the substrate 
front face of the aforementioned Si single crystal substrate. 

(17) The above (10) which uses Si single crystal as the aforementioned Si single crystal substrate so that 
the (100) field or (1 1 1) field may turn into a substrate front face, or the formation method of one oxide 
thin film of (16). 
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( 18) The above (10) from which a oxidizing gas is injected from the near on the front face of the 
aforementioned Si single crystal substrate, and atmosphere where a oxidizing gas partial Pressure is 
SgTe^man other portions is made only near [ this / aforementioned ] the single crystal substrate, or the 
formation method of one oxide thin film of (1 7). 

09? Substrate surface area is the aforementioned Si single crystal substrate 10cm 2 The above (10) 
which offers the aforementioned oxidizing gas quantity partial pressure atmosphere over the 
rforementioned whole single crystal substrate, and forms a uniform oxide thin film substantially over all 
SS^ate front faces of this single crystal substrate by rotating within a substrate while considering 
a* the above thing, or the formation method of one oxide thin film of (18). 

So) The abov^ (fo) which heats the aforementioned Si single crystal substrate at 750 degrees C or more 
in case the aforementioned epitaxial film is formed, or the formation method of one oxide thin film of 

(19) . 

[Function and Effect of the Invention] The oxide thin film of this invention is composition Zrl-x Rx 02- 
delta (it is here) formed in Si single crystal substrate front face, the rare earth metal in which R contains 
Y it is Zrl-x Rx 02-delta - x= 0 to 0.75 and the oxide thin film which is an epitaxial film of being 
x=0 20-0 50 still more preferably preferably It is the ten-point average of roughness height Rz 0.60nm 
or feL at the half-value width and a criteria length of 5 OOnm of a rocking curve of 1 .50 degrees or less. 
It has and is composition Zr02. Since the crystal which constitutes an epitaxial film is single orientation 
When using this oxide thin film as a buffer film and forming a functional film on it, the quality 
functional film which grew epitaxially good can be obtained 

[0019] Moreover, when rotating a single crystal substrate in the field especially, it is 2 10cm. An oxide 
thin film uniform at the above large area and quality can be obtained. 

^SX^S^ a pcrovddte type oxide (BaTiOS) single crystal film is formed by vapor codeposuion 
on fs ngle crystal oxide substrate, and the technology using controlling a composition ratio, heightening 
the pressure of oxygen only near the substrate, and a substrate with the specific orientation side is 
indicated bv JP 2-258700,A in this membrane formation using the separate evaporation source. 
SowevTr, the technology 'indicated by JP,2-258700,A is Y2 OS. Content Zr02 The object did not carry 
out a single crystal film, but since it is moreover the technology of generation of the oxide film to an 
oxide substrate top, the oxidizing gas (oxygen gas) has been introduced during the membrane formation 
preparation which is the heating process of a substrate. On the other hand, in this invention since it is 
the technology which forms an oxide film on a non-oxide substrate, when a oxidizing gas (oxygen gas) 
is introduced during membrane formation preparation, the substrate front face of Si single crystal 
substtatTwill oxidile, an oxide thin film (for example, Si02) will be formed, and a substrate front face 
will deteriorate like the technology of JP,2-258700,A. on the other hand, in this invention, Zr is 
evaporated at least among Zr and the rare earth metal (Y is included) in the state where a oxidizing gas 
is not introduced during membrane formation preparation, and a metal is first supplied to a substrate 
front face, and simultaneous after this - or it delays a little, a oxidizing gas is introduced and an oxide 
film is formed on the above-mentioned substrate front face Moreover, by the 2nd method of this 
invention the conventional trouble in JP,2-258700,A is solved using the method of processing Si front 
face There is no publication in above-mentioned JP,2-258700,A about such a characteristic process. 
FiSiermore, the technology indicated by above-mentioned JP,2-258700,A is 2 10cm. The substrate 
which has the above large surface area is not targeted at all, but there is nothing even suggestion There 
7s only actually an example of 2 (about 15x15mm 2) also in JP,2-258700,A a substrate area of 2.25cm. It 
is substrate area 10cm by rotating a substrate in a substrate side in this invention 2 The above is made 
possible. 

[Elements of the Invention] the oxide thin film of this invention is an epitaxial film of composition Zrl- 
x Rx 02-delta (the rare earth metal in which it is here and R contains Y - it is - x=0-0.75 - it is 0.2- 
0 50 preferably) formed in Si single crystal substrate front face 

[0022] As for Zrl-x Rx 02-delta, in this oxide epitaxial film crystalhnity, generally depending on the 
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mop nf „ „ becomes the crystal of a tetragonal phase in less than 0.2 small field. It becomes a cubic 
Sof to by oxide thin film as a buffer layer, it is desirable to have crystalhnity 

Tml t on^d above. Especially a cubic has the high opposite nature of a crystal and it is superior 
rfteSg"na?phSe as a buffer layer As for this, the crystal on the front face of a buffer layer is 
consfderfdTecause the crystalling of the functional film formed on it becomes high since the direction 
of a cubic has arranged regularly from a tetragonal phase. „ 
fo0231 On fte other hand, in the field in which x exceeds 0.75, although it is a cubic, fields otter to 
£e crysS See made into the purpose mix. For example, if it is going to obtain the epitaxial film (100) 
of 7rl-x Rx 02-delta, the crystal of (1 1 1) will mix in this range. , 
m0241 Namely as for x, in Zrl-x Rx 02-delta, zero to 0.75 and the epitaxial film which was preferably 
exceUeSo 2^50 as a buffer layer are obtained from the range which can do a tetragonal phase and a 
cubic and me range from which the crystal face made into me purpose is obtained 
m0251 The kind is chosen in order for the rare earth metal to make the lattice constant of the functional 
Lmr fo^n ai oxide thin film, and the lattice constant of this oxide thin film ^tch^bly^For 
example the Z0.7 R0.3 02-delta lattice constant using Y as rare earth metal was 0.515nm_This value 
T^bc changed with the value of x. On this film, when 45 degrees rotates to the ^ °f a Z0.7 R0.3 02- 
adta fita front fece, a grid can be matched and can adjust the below-mentioned YBCO film (lattice 
constaToFo 386n^) winch is a functional film with the value of further x. However, within the limits 
of x Tl mitation C the field of matching which can be adjusted. Then, by changing the kind of rare 
elrtii mSchTng can be made possible. For example, Pr of rare earth is used instead of Y It becomes 
;o3b"tenlig"me latticeconstant of Zrl-x Rx02-delta at this time. Thus, lt can match with the grid 
of a functional film preferably by choosing the kind and amount of rare earth 

m026Un ZmZ^ Z ireoniun\ oxide which does not include an oxygen defect is a chemical formula 
Z^2 A^tCgh S could be expressed, since the amount of oxygen changed witii the kmds amounts, 
^va^nces T the added metallic element, the zirconium oxide which added ^ rare ear* — ng 
^expressed composition of the oxide thin film of this invention as chemical formula Zrl-x Rx 02-delta 

St-h"S rSng curve of reflection of the field (002) of the above mentioned 
L a! iwTfilm of this invention or (1 1 1) a field is 1.50 degrees or less, and the surface surface 
ro'ghnS oiS^S^SUii height Rz) by 95% or more of AFM [ » 0.60nm or less by 
cnS length of 500nm 90% or more especially preferably 80% or more. In addition the above- 
mentioned percentage is Zr02. It is the value which measures ten or more arbitrary places distributed 
SEE ZwlZTwr the whole surface of a thin film. Moreover, the RHEED image of an oxide tinn 
fita aYso ha h!gh streak nature. That is, a RHEED image is a streak and, moreover, sharp^ By the above, 
crista ^Hmty and its front-face nature of both the oxide thin films of this invention are good. Therefore a 
Sty Sonal epitaxial film can be formed on the front face of the oxide hin film of tins mventton 
In addit Z the with a length [ of the above-mentioned rocking curve / the half-value widtii and a criteria 

Leth of Sbornn 1 ten-point average of roughness height Rz Although there is, as especially a lower 
S is smallTi more desirable. [ no ] Now, for a lower limit, the half-value width of a^rocfang curve 

stt e ten ^po n average of roughness height Rz with about 0.7 degrees and a criteria length of 500nm. It 



OoSrMoreover, especially the above-mentioned oxide thin film converts only ^^^T^ 
elemen except oxygen, and Zr is the composition Zr02 of the high grade beyond 93mol%. It is Zr02 
whose Zr U convert! only into the composition element except oxygen for the first time by this 
mvention and * the single orientation epitaxial film of the high grade beyond 93mol% although the 
Tng o? single orientation was not obtained as conventionally described above when it was an epitaxial 
film. The thin film was obtained. 

r0029] Above Zr02 A thin film is converted into the composition element except oxygen and it is 
especkUy desirable in Zr more than 93mol% and that it is more than 99.5mol% at more than 98mol% 
and a pan to more than 95mol% and a pan. It is desirable, even if insulation resistance a so becomes 
Wgh and it also uses a leakage current for an insulating substrate the more from a bird clapper small, the 
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more purity is high. 

[0030] Now, the upper limit of the content of Above Zr is 99.99%. 

[0031] The above-mentioned oxidization thin film may contain impurities, such as a rare earth alloy and 
P, less than [ 7mol% ]. . 
[0032] Above Zr02 The crystal of a thin film has only a single orientation side, and it is desirable tor 
the ten-point average of roughness height Rz with a criteria length of 500nm to be [ of the front face ] 
2nm or less 95% or more of especially preferably 90% or more 80% or more. Moreover, it has only an 
orientation side single as mentioned above, and when front-face nature is good, an interface with the 
functional film formed on it is good. Therefore, since an interface property can be raised, satisfying 
insulation can be held and a good device property can be obtained. In addition, a value equivalent to the 
above is acquired as half-the-price width of a rocking curve. 

[0033] Above Zr02 The streak nature of especially the RHEED image of a thin film is high. That is, a 
RHEED image is a streak and, moreover, sharp. By the above, it is this Zr02. If a thin film serves as a 
single crystal and is used for the dielectric layer of an MIS capacitor etc., the disturbance of the physical 
quantity by the grain boundary of it etc. will be lost, and it will demonstrate a good function. 
[0034] Although the thickness of an oxide thin film changes with uses, as a buffer layer, about 50- 
150nm is preferably desirable 5-500nm. As a buffer layer, a thin thing is good for the grade which does 
not spoil the crystallinity of an oxide thin film, and front-face nature. When using as an insulating layer 
of an insulating substrate, an about 50-500nm thing is desirable. Moreover, especially when using as an 
oxide layer of a semiconductor device like the dielectric layer of an MIS capacitor, or the gate oxide 
layer of MISFET, l-30nm is desirable 0.5-50nm. 

[0035] The functional film formed on the above-mentioned oxide thin film is an epitaxial film which 
mainly has a perovskite structure, specifically High-temperature superconductivity films, such as Bi 
system oxide superconductivity film and a YBa2 Cu307-8 superconductivity (YBCO) film, 
Ferroelectric films, such as BaTi03, PbTi03, PZT, PLZT, other Pb system perovskites, other Bi system 
perovskites, and Bi stratified compound, and a further Lal-x Srx Co03 and Lal-x Srx Cax Ru03 etc. ~ 
an oxide electric conduction film is mentioned Moreover, it is suitable also as a substrate for film 
growth of semiconductors, such as In 203 (Sn dope), other oxide electric conduction films, Pt, Si and 
germanium, and GaAs, or metal. 

[0036] The substrate for electron devices of this invention is the large area substrate which has the 
uniform above-mentioned oxide thin film, 10cm2 [ for example, ]. It can have the above substrate area. 
Thereby, not only a substrate but the electron device manufactured using this substrate will become very 
cheap compared with the former. In addition, although there is especially no upper limit of the area of a 
substrate, in the present condition, the semiconductor process which used 2 inches - 8 inches Si wafer, 
especially a 6 inch type are in use, and can respond to this. 

[0037] Next, the formation method of the oxide thin film of this invention is explained in detail. 
[0038] In addition, in enforcing the formation method of this invention, it is desirable to use vacuum 
evaporationo equipment 1 as shown in drawing 1 . 

[0039] Vacuum evaporationo equipment 1 has vacuum tub la, and the electrode holder 3 which holds 
the single crystal substrate 2 in the lower part is arranged in this vacuum tub la. It connects with the 
motor 5 through the axis of rotation 4, and can rotate by this motor 5, and this electrode holder 3 can 
rotate now the above-mentioned single crystal substrate 2 in the substrate side. In the above-mentioned 
electrode holder 3, the heater 6 which heats the single crystal substrate 2 is built in. 
[0040] Vacuum evaporationo equipment 1 is equipped with the oxidizing gas feeder 7 again, and, as for 
the oxidizing gas feed hopper 8 of this oxidizing gas feeder 7, the above-mentioned electrode holder 3 is 
arranged immediately caudad. As for a oxidizing gas, the partial pressure is made high by about two 
single crystal substrate by this. It is a electrode holder 3, and also, below, the Zr evaporator 9 and the 
rare-earth-metal evaporator 10 are arranged. The energy feeder for supplying the energy for evaporation 
to sources of a metal, such as an electron ray generator, at everything but each source of a metal is 
arranged at these Zr evaporators 9 and the rare-earth-metal evaporator 10. In addition, in drawing, P is a 
vacuum pump. 
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[0041] Hereafter, first, the 1st formation method of an oxide thin film is explained, next the 2nd 
formation method is explained. 

[0042] In the 1st formation method of this invention, a single crystal substrate is first set to the above- 
mentioned electrode holder. At this time, as a single crystal substrate, the single crystal substrate of Si is 
used and a field (100) or (1 1 1) a field is chosen as a substrate front face in which the target oxide thin 
film is formed. It is for considering as the single crystal which grew epitaxially the functional film 
formed on a substrate front face, and moreover making a crystal into a suitable direction. In addition, as 
for a substrate front face, it is desirable to carry out etching washing of the front face using the wafer of 
a mirror finish. Ammonium-fluoride solution etc. performs etching washing 40%. 
T0043] Next after exhausting the inside of a vacuum tub to about 10 to 5 or more Torrs with a vacuum 
pump a single crystal substrate is heated. In order for the inside of a temperature up to avoid oxidization 
of a single crystal substrate, it is exhausted as much as possible to a high vacuum. Although there is 
especially no upper limit of a degree of vacuum, considering workability, they are usually about 5x10 to 
6 Torrs Heating temperature is Zr02. 400 degrees C or more are desirable because of crystallization, 
and in order crystallinity is excellent in about 750 degrees C or more and to obtain molecule level film 
crystal surface flat nature especially further, 850 degrees C or more are desirable. In addition, the upper 
limit of the heating temperature of a single crystal substrate is about 1300 degrees C. 
[0044] Subsequently, it evaporates by heating Zr with an electron beam etc. at least among the metals 
(here, Y being taken for an example) of Zr and rare earth. At this time, introduction to the vacuum tub of 
the oxidizing gas which carries out a postscript is yet omitted. 

[0045] The timing supplied to the single crystal substrate of Zr and Y, and a oxidizing gas must not 
never carry out a oxidizing gas first. If a oxidizing gas is supplied previously, a substrate front face and a 
oxidizing gas will react and an oxide layer will be formed. Thereby, the crystal-lattice information on a 
substrate is Zr02. It does not get across to the film made into a principal component, but epitaxial 
growth becomes impossible. Among Zr and the rare earth metal, at least, the optimal supply timing of 
oxygen is converted into the thickness when presupposing that all the metallic elements that reached Zr 
to the substrate front face form a metal thin film, and 5nm or less, especially after supplying 0.01 -5nm 
especially, it is desirable [ timing ] in a total amount. Supply of this Zr and the rare earth metal carries 
out reduction removal of the oxide which is carrying out minute amount generation before membrane 
formation, and is substrate grid information Zr02 It is made to grow epitaxially smoothly by making it 
get across to the film made into a principal component. 

[0046] For example, if the case where a YSZ film is formed in Si substrate is taken for an example, 
oxidation reaction of Zr metal and Y metal is 1000K. It sets and is Zr+02 =Zr02 **G=-187.6 
(kcal/mol). 

4/3 Y+02 =2/3Y2 03 **G=-227.1 (kcal/mol) 

Both free energy changes are large negative. That is, it is shown that Zr and Y tend to oxidize and work 
as a reducing agent. Si02 of Si substrate front face When solid phase reaction is assumed, it is 
Si02+Zr=Zr02+Si * *G=-43 . 1 29 (kcal/mol). 

It is Si02 when it thinks from **G. Being returned by Zr is shown. The same is said of Y. By this 
reaction, the oxide-film removal on the front face of a substrate of a just before [ membrane formation ] 
is attained. That is, a Zr+Y metal is supplied before membrane formation of YSZ, oxygen, and Zr and Y 
are supplied after that, and good epitaxial growth of YSZ can be realized by growing up YSZ. In 
addition, when the degree of un-oxidizing on the front face of a substrate is good, you may perform 
simultaneously the supply to a substrate and the supply of a oxidizing gas by metaled evaporation. 
[0047] Next, Zr metal, the rare earth metal (the following explanation represents and explains by Y), and 
a oxidizing gas are supplied to a single crystal substrate, and it is Zr02. The thin film made into a 
principal component is obtained. Here, as for membrane formation speed, considering as 0.100 - 0.500 
nm/s is preferably desirable 0.05 to 1.00 nm/s. If the reason is too late, oxidization of a substrate will 
take place, and the crystallinity of the thin film which will be formed if too early will be bad, and 
unevennes's will produce it on a front face. Therefore, an optimum value is determined in the amount of 
oxygen into which membrane formation speed is introduced. For this reason, Zr02 In advance of the 
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vacuum evaporationo of a thin film made into a principal component, each metal of Zr and Y evaporates 
how much around unit time according to the electric-energy conditions added to the source of vacuum 
evaporationo, and it is Zr, Y, Zr02, and Y2 03. It measures for every metal whether a vacuum 
evaporationo film is formed by the thickness gage installed near the substrate in a vacuum deposition 
tub, and it is proofread. As the above-mentioned oxidizing gas, it is oxygen, ozone, atom-like oxygen, 
and N02. It can use. Here, it explains as using oxygen below. By the nozzle prepared in the vacuum 
deposition tub, exhausting the inside of a tub continuously with a vacuum pump, by 2-50 cc/, oxygen 
makes 5-25 cc oxygen gas for /inject continuously preferably, and even if few [ in a vacuum tub ], it 
makes the oxygen atmosphere of about 10-4 to 10 to 2 Torrs near the single crystal substrate. The 
amount of optimal oxygen is decided by the size of a chamber, and the factor of a pumping speed and 
others, and calculates the suitable flow rate beforehand. The upper limit of oxygen gas pressure was set 
to 10-2Torr for carrying out the vacuum evaporationo of the vapor rate uniformly here, without 
degrading the source of a metal in the evaporation source in this vacuum tub. Furthermore it faces 
introducing oxygen gas into a vacuum deposition tub, and oxygen gas is injected from the near on the 
front face of a single crystal substrate, it can be good to build the atmosphere of high oxygen tension 
only near near the single crystal substrate, and, thereby, the reaction on a substrate can be promoted 
more in the few amount of oxygen introduction. At this time, since the inside of a vacuum tub is 
exhausted continuously, almost all the portions of a vacuum tub have a low pressure of 10-4-1 0-6Torr. 
Moreover, lcm2 of a single crystal substrate Although oxidation reaction can be promoted on a single 
crystal substrate by this method in the narrow field of a grade, substrate area is 2 10cm. Film production 
by the large area is attained by rotating a substrate like drawing 1 , in order to form membranes in a big 
single crystal substrate area which is the above of 2 inches, for example, a diameter, and supplying a 
hyperoxia partial pressure all over a substrate. At this time, the rotational frequency of a substrate is 
lOrpm. It is desirable that it is above. When a rotational frequency is late, it is for each composition 
distribution of Zr, Y, and O to arise in the direction of thickness, and a field. Especially the upper limit 
of the rotational frequency of this substrate is usually mechanism top 120rpm of vacuum devices, 
although there is nothing. It is a grade. _ 
[0048] Above Zr02 Addition of the rare earth metal (Y is included) has the following effects. 
[0049] Zr02 A simple substance starts monoclinic system and phase transition from an elevated 
temperature at a cubic -> tetragonal -> room temperature. In order to stabilize a cubic, it is the stabilized 
zirconia which added the rare earth metal (Y is included). Zr02 It is more desirable to use a cubic film 
with symmetric property high in order to use as a buffer layer for perovskite crystal growths. Therefore, 
controlling the ratio of Zr/rare earth metal from a separate evaporation source, each metallic element of 
Zr and the rare earth metal (Y is included) is evaporated simultaneously, and carries out vacuum 
evaporationo to a single crystal substrate. Here, as for the mole ratio of the rare earth metal (Y is 
included)/Zr from an evaporation source, it is desirable 0-3.0, and that it is 0.25-1.0 preferably, thereby - 
- the above ~ the oxide thin film of a desirable composition ratio can be obtained 
[0050] The 2nd formation method is explained below. In this method, a single crystal substrate is first 
set to the above-mentioned electrode holder. At this time, as a single crystal substrate, the single crystal 
substrate of Si is used and a field (100) or (1 1 1) a field is chosen as a substrate front face in which the 
target oxide thin film is formed. It is for considering as the single crystal which grew epitaxially the 
functional film formed on a substrate front face, and moreover making a crystal into a suitable direction. 
In addition, as for a substrate front face, it is desirable to carry out etching washing of the front face 
using the wafer of a mirror finish. Ammonium-fluoride solution etc. performs etching washing 40%. Si 
single crystal substrate used in order to manufacture the MIS capacitor of this invention is 10cm2. It can 
have the above substrate area. Thereby, let an MIS capacitor be a very cheap thing compared with the 
former. In addition, especially the upper limit of the area of a substrate is 2 400cm in the present 
condition, although there is nothing. It is a grade. Thereby, the semiconductor process using 2 inches - 8 
inches Si wafer, especially a 6 inch type are in use, and can respond to this now. 

[0051] Si single crystal substrate which it defecated is the purpose which protects this since reactivity is 
very high, and Zr02. It is the purpose into which the good epitaxial film made into a principal 
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component is grown up, and surface treatment of the substrate front face of Si single crystal substrate is 
carried out as follows. 

[0052] First, Si single crystal substrate which defecated the substrate front face is arranged in a vacuum 
tub, and it heats, introducing a oxidizing gas, and Si oxide layer is formed in Si single crystal substrate 
front face, as a oxidizing gas - oxygen, ozone, atom-like oxygen, and N02 etc. - it can use Since the 
substrate front face of Si single crystal substrate which it defecated is extremely rich in reactivity as 
described above, it protects Si single crystal substrate front face from a rearrangement, contamination, 
etc using this as a protective coat. As for the thickness of the above-mentioned Si oxide layer, it is 
desirable to be referred to as about 0.2-10nm. 0. In less than 2nm, it is because protection of Si front face 
is imperfect. The reason for having set the upper limit to lOnm is mentioned later. 
[0053] The above-mentioned heating is held to the temperature of 300-700 degrees C about 0 to 10 
minutes, and is performed to it. At this time, a programming rate is carried out in about 30-70 degrees 
C/minute. If temperature is too high, or formation of Si oxide film will become inadequate if a 
programming rate is too early, and the holding time is too long in temperature being too low conversely, 
Si oxide film will be too thick. 

[0054] When using oxygen as a oxidizing gas, as for introduction of a oxidizing gas, it is desirable that 
make the inside of a vacuum tub into the vacuum of about 1x10-7 to 1x10 to 4 Torrs at the beginning, 
and the oxygen tension of the atmosphere near the Si single crystal substrate carries out by [ as being set 
to 1x10-4 ] at least by introduction of a oxidizing gas. Although the state where the oxygen tension of 
this atmosphere serves as an upper limit is in a pure oxygen state, you may be air and it is especially 
desirable that it is about 1x10 to 1 or less Ton*. 

[0055] It heats in a vacuum after the above-mentioned process. Since Si surface crystal is protected by 
the protective coat, it reacts with the hydrocarbon which is residual gas, and does not have 
contamination of a SiC film being formed. 

[0056] As for especially heating temperature, it is desirable to consider as 700-1 100 degrees C 600-1200 
degrees C. lxl structure later mentioned on Si single crystal substrate front face as it is less than 600 
degrees C is not acquired. If it exceeds 1200 degrees C, protection of Si surface crystal by the protective 
coat will not be enough, and the crystallinity of Si single crystal substrate will be confused. 
[0057] Subsequently, Zr, a oxidizing gas or Zr and a rare earth (Y is included) metal, and a oxidizing gas 
are supplied to a front face. Metals, such as Zr, return and remove the protective coat by Si oxide formed 
at the last process in this process. The surface structure of lxl is formed in Si surface crystal front face 
exposed simultaneously of Zr, oxygen or Zr, the rare earth metal (Y is included), and oxygen. 
[0058] The pattern of the image by the reflective high-speed electron diffraction (RHEED is called 
below Reflection High Energy Electron Diffraction :) can investigate a surface structure. For example, 
when this invention is the surface structure of lxl made into the purpose, the direction of electron ray 
incidence serves as a perfect streak pattern of the 1 time period CI as shown in (a) of drawing 15 by 
[110], and serves as the pattern completely same as for [1-10] in the direction of incidence. On the other 
hand, in the case of a field (100), Si single crystal clean surface serves as 1x2, 2x1, or 1x2 and the 
surface structure in which 2x1 is intermingled. In such a case, the pattern of a RHEED image turns into 
a pattern with the 1 time period CI as shown in (b) of drawing 15 by the direction of incidence of an 
electron ray [1 10], either of [1-10], or both, and the double-precision period C2. the surface structure of 
lxl of this invention - setting - the pattern of Above RHEED - seeing - the direction of incidence - 
[110] and [1-10] - it is both and the double-precision period C2 of (b) of drawin g 15 is not seen 
[0059] Moreover, Si (100) clean surface may show lxl structure. The thing with the conditions 
indefinite although our experiment was also observed several times which show lxl acquired with 
stably sufficient repeatability for lxl in respect of Si pure is impossible in the present condition. 
[0060] 1x2, 2x1, and lxl - it is easy to be polluted with an elevated temperature among a vacuum, and 
Si pure side of which structure reacts with the hydrocarbon contained especially in residual gas, and 
forms SiC in a front face, and the crystal on the front face of a substrate is confused Therefore, the 
former was impossible for forming stably lxl structure where it was suitable when carrying out the 
crystal growth of the oxide film on Si substrate. 
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[0061] As mentioned above, the former was impossible for forming stably lxl structure where it was 
suitable when the same phenomenon appeared fundamentally and the crystal growth of the oxide film 
was carried out on Si substrate although Si (100) side was explained to the example (1 1 1), and the 
structures of a pure side differed also in the field. 

[0062] The amount of supply of Zr or Zr, and a rare earth (Y is included) metal is the oxide conversion, 
and three to about seven are especially desirable 0.3-1 Onm. 0. if the effect of reduction of Si oxide 
cannot fully demonstrate but exceeds lOnm in less than 3nm — a front face — the irregularity of atomic 
level — generating — being easy — the array of a surface crystal is because there is what is been no 
longer lxl structure with irregularity In addition, the reason for having set the desirable value of the 
upper limit of the thickness of the above-mentioned Si oxide layer to lOnm is that possibility that it 
becomes impossible to fully return Si oxide layer will come out even if it supplies a metal as mentioned 
above if it exceeds lOnm. 

[0063] When using oxygen as a oxidizing gas, it is desirable to supply about 2-50cc /a minute. The 
amount of optimal oxygen is decided by the size of a vacuum tub, and the factor of a pumping speed and 
others, and calculates the optimal flow rate beforehand. 
[0064] The above Si substrate surface treatment has the following effects. 

[0065] Generally the surface structure in the number atomic layer on the front face of a crystal differs 
from the atomic-arrangement structure of the imagination front face considered when the crystal 
structure of bulk (big 3 -dimensional-like crystal) is cut. That is because the situation around the atom 
which appeared in the front face when the crystal of one side stopped there not being tends to change 
and it is going to be in the lower stable state of energy corresponding to this. The case where it stops at 
relief of an atomic position, and recombination of an atom mainly arise, and the structural change may 
form rearrangement structure. The former exists on almost all the crystal front face. Generally the latter 
forms a surface superstructure. This is called mxn structure, when setting the size of the unit vector of 
the surface structure of bulk to a and b and the superstructure of the size of ma and nb arises. The front 
face of Si (100) which it defecated serves as the complicated super-structure where 1x2 or 2x1 structure, 
and Si (1 1 1) front face have the big unit mesh of 7x7 or 2x8 structure. Moreover, these Si front face that 
it defecated is rich in reactivity, the residual gas especially hydrocarbon, and reaction in a vacuum are 
caused, by forming SiC in a front face, a substrate front face is polluted especially with the temperature 
(700 degrees C or more) which carries out epitaxial formation of the oxide thin film, and a surface 
crystal is confused at it. 

[0066] In order to grow an oxide epitaxially on Si substrate, the structure on the front face of Si is stable, 
and must play the role told to the oxide film into which crystal structure information is grown up. In an 
oxide epitaxial film crystal, since the atomic-arrangement structure considered when the bulk crystal 
structure is cut turns into lxl structure, lxl stable structure is required for the complicated super- 
structure where the surface structure of the substrate for growing an oxide epitaxially has the big unit 
mesh of 1x2, 2x1, 7x7, or 2x8 structure, preferably. Moreover, in order to perform epitaxial growth at 
the temperature of 700 degrees C or more, it is necessary to protect Si front face which was rich in 
reactivity. 

[0067] Next, Si single crystal substrate by which the front face was processed is used as mentioned 
above, and it is Zr02. The single orientation epitaxial film made into a principal component is formed. 
[0068] This Zr02 In the formation of a single orientation epitaxial film made into a principal 
component, Si single crystal substrate which processed the front face is heated first. The heating 
temperature at the time of membrane formation is Zr02. 400 degrees C or more are desirable because of 
crystallization, and in order crystallinity is excellent in about 750 degrees C or more and to obtain 
molecule level film crystal surface flat nature especially further, 850 degrees C or more are desirable. In 
addition, the upper limit of the heating temperature of a single crystal substrate is about 1300 degrees C. 
[0069] Subsequently, it evaporates by heating Zr with an electron beam etc. Zr metal and a oxidizing gas 
are supplied to a single crystal substrate. Rare earth (Y is included) is also supplied by the same method 
if needed. Zr02 The thin film made into a principal component is obtained. Here, as for membrane 
formation speed, considering as 0.100 - 0.500 nm/s is preferably desirable 0.05 to 1.00 nm/s. If the 
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reason is too late, oxidization of a substrate will take place, and the crystallinity of the thin film which 
will be formed if too early will be bad, and unevenness will produce it on a front face. Therefore, an 
optimum value is determined in the amount of oxygen into which membrane formation speed is 
introduced. For this reason, Zr02 In advance of the vacuum evaporationo of a thin film, according to the 
electric-energy conditions added to the source of vacuum evaporationo, it evaporates how much around 
unit time, and Zr metal and the rare earth metal (Y is included) measure whether those metals and the 
vacuum evaporationo film of an oxide are formed by the thickness gage installed near the substrate in a 
vacuum deposition tub, and proofread it. as the above-mentioned oxidizing gas — oxygen, ozone, atom- 
like oxygen, and N02 etc. — it can use Here, it explains as using oxygen below. By the nozzle prepared 
in the vacuum deposition tub, exhausting the inside of a tub continuously with a vacuum pump, by 2-50 
cc/, oxygen makes 5-25 cc oxygen gas for /inject continuously preferably, and even if few [ in a vacuum 
tub ], it makes the oxygen atmosphere of about 10-3 to 10 to 1 Torr near the single crystal substrate. The 
amount of optimal oxygen is decided by the size of a chamber, and the factor of a pumping speed and 
others, and calculates the suitable flow rate beforehand. The upper limit of oxygen gas pressure was set 
to 10-1 Torr for carrying out the vacuum evaporationo of the vapor rate uniformly here, without 
degrading the source of a metal in the evaporation source in this vacuum tub. Furthermore it faces 
introducing oxygen gas into a vacuum deposition tub, and oxygen gas is injected from the near on the 
front face of a single crystal substrate, it can be good to build the atmosphere of high oxygen tension 
only near near the single crystal substrate, and, thereby, the reaction on a substrate can be promoted 
more in the few amount of oxygen introduction. At this time, since the inside of a vacuum tub is 
exhausted continuously, almost all the portions of a vacuum tub have a low pressure of 10-4 - 10- 
66Torr. 

[0070] Moreover, lcm2 of a single crystal substrate Although oxidation reaction can be promoted on a 
single crystal substrate by this method in the narrow field of a grade, substrate area is 2 10cm. Film 
production by the large area is attained by rotating a substrate like drawing 1 , in order to form 
membranes in a big single crystal substrate area which is the above of 2 inches, for example, a diameter, 
and supplying a hyperoxia partial pressure all over a substrate. At this time, the rotational frequency of a 
substrate is lOrpm. It is desirable that it is above. When a rotational frequency is late, it is for the 
distribution of thickness to arise in a substrate side. Especially the upper limit of the rotational frequency 
of this substrate is usually mechanism top 120rpm of vacuum devices, although there is nothing. It is a 
grade. 

[0071] As mentioned above, although the detail of the manufacture method was explained, since this 
manufacture method can be enforced especially in comparison of the conventional vacuum deposition 
method, the sputtering method, and the laser ablation method by operating-condition-ization which does 
not have the room of mediation of an impurity so that clearly and which is moreover easy to control, it is 
suitable to obtain the specified substance with good repeatability and high integrity by the large area. 
Even if it furthermore uses MBE equipment for this method, the purpose thin film can completely be 
obtained similarly. 

[0072] For example, it is processed according to a semiconductor process with structure as it is, and the 
substrate for electron devices obtained as mentioned above is conventional Si02. It can constitute as the 
capacitor and the gate for DRAM by substituting. It is applicable to non- volatile memory, an infrared 
sensor, an optical modulator, optical switches OEIC and SQUID, a Josephson device, a 
superconductivity transistor, an electromagnetic wave sensor, and the superconductivity wiring LSI by 
furthermore forming Si as a functional film on this substrate by being able to apply as a SOI device and 
forming the functional film of a ferroelectric and a superconductor. 
[0073] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0074] as the single crystal substrate into which an example 1 oxide thin film is grown up — ** ~ Si 
single crystal which cut and carried out mirror polishing so that the front face might turn into a field 
(100), and ** — cutting and the single crystal Si which carried out mirror polishing were used so that the 
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front face might be set to (1 1 1) The mirror-plane front face performed etching washing by ammonium- 
fluoride solution after [ purchase ] 40%. In addition, the circular substrate with a diameter of 2 inches 
was used for all the above-mentioned single crystal substrates. 

[0075] After fixing the above-mentioned single crystal substrate to the substrate electrode holder 
equipped with the rotation and the heating mechanism which were installed in the vacuum tub and 
exhausting a vacuum deposition tub with an oil diffusion pump to 10-6Torr, 850 degrees C is made to 
heat and rotate a substrate. A rotational frequency is 20rpm. It carried out. 

[0076] Then, it supplied simultaneously, controlling Metals Zr and Y by the Y/Zr mole ratio to 0.45 
from the evaporation source which became independent, respectively. Oxygen is not introduced at this 
time. If the amount of supply was converted into the thickness of Zr+Y alloy and having been amounted 
to lnm, introduced oxygen gas at ten cc a rate for /from the nozzle, a metal and oxygen were made to 
react, and about 150nm YSZ film was obtained. 

[0077] The result of XRD (CuK alpha rays) measured about the thin film obtained by this example is 
shown in drawing 2 . Drawing 2 (a) is an X diffraction view, when ** is used as a substrate, and 
drawing 2 (b) uses substrate **. It turns out that the peak (002) of the fluorite structure of YSZ is clearly 
observed by drawing 2 (a), and the peak (1 1 1) of fluorite structure is clearly observed by drawing 2 (b), 
and the crystal film which carried out orientation in the direction reflecting the crystal structure of a 
substrate and symmetric property strongly is obtained. 

[0078] Furthermore, the electron ray diffraction pattern in which the crystal structure of the thin film at 
the time of using substrate ** for drawing 3 is shown is shown. Drawing 3 (a) is a diffraction pattern at 
the time of carrying out incidence of drawing 3 (b) from [ of Si substrate ] [1 10] here, when incidence of 
the electron ray is carried out [ of Si ] from [100]. Since YSZ is the shape of a streak with the sharp 
diffraction pattern so that this result may show, a film understands that the front face is flat on atomic 
level with a single crystal. Moreover, the sample of 5x5mm angle was started on the straight line which 
includes the center for the thin film at the time of using the above-mentioned substrate **, and it 
observed by AFM (Atomic Force Microscopy : atomic force microscope). The surface image of one 
sheet of the thin films of one sheet is shown in drawing 4 . A grain boundary etc. is not observed. It 
turns out on atomic level that it is flat, moreover, the thin film surface image of all samples — using — 
JIS the place which measured the ten-point average of roughness height Rz (a criteria length of 
L:500nm) by B0610 - an average ~ 0.1 6nm and the minimum - 0.12m it was . Moreover, the half- 
value width of a rocking curve was 1.07 degrees in 1.2 degrees and the minimum on the average. This 
crystallinity is acquired all over Si substrate with a diameter of 2 inches, as shown in drawing 5 . 
[0079] Next, the amount of supply of only the metal before oxygen supply and the crystalline 
dependency of the YSZ film formed were investigated. It decided to form a YSZ film like the above on 
Si single crystal substrate (100) (for the field to have been used as a substrate front face), and the above- 
mentioned metal amount of supply (thickness conversion) was changed, respectively, as shown in Table 
1. The result which investigated the formed YSZ film by XRD (X diffraction) and RHEED was shown 
in Table 1. 
[0080] 
[Table 1] 
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[0081] As shown in this table 1, when the metal amount of supply is set to 5nm or less by thickness 
conversion, the YSZ film which grew epitaxially good is obtained. 

[0082] as the single crystal substrate into which an example 2 oxide thin film is grown up - ** ~ Si 
single crystal which cut and carried out mirror polishing so that the front face might turn into a field 
(100), and ** - cutting and Si single crystal wafer which carried out mirror polishing were used so that 
the front face might be set to (1 1 1) The mirror-plane front face performed etching washing by 
ammonium-fluoride solution after [ purchase ] 40%. In addition, the circular substrate with a diameter of 
2 inches was used for Si substrate. 

[0083] After fixing the above-mentioned single crystal substrate to the substrate electrode holder 
equipped with the rotation and the heating mechanism which were installed in the vacuum tub and 
exhausting a vacuum deposition tub with an oil diffusion pump to 10-6Torr, in order to protect using a 
substrate washing side Si oxide, it is 20rpm about a substrate. It heated at 600 degrees C, haying made it 
rotate and introducing oxygen near a substrate at 25 cc a rate for /from a nozzle. Here, Si oxide film is 
formed in a front face by thermal oxidation by the substrate. About lnm Si oxide film was formed by 
this method. 

[0084] Subsequently, 900 degrees C was made to heat and rotate a substrate after that. A rotational 
frequency is 20rpm. It carried out. At this time, by introducing oxygen gas at 25 cc a rate for /from a 
nozzle, and evaporating Metal Zr from an evaporation source on an a aforementioned ** substrate, it 
converted into the thickness of Zr metallic oxide, 5nm was supplied, and Si surface treatment substrate 
equipped with the surface structure of lxl was obtained. By evaporating Metal Zr from an evaporation 
source on a b aforementioned ** substrate, it converted into the thickness of Zr metallic oxide, 5nm was 
supplied, and Si surface treatment substrate equipped with the surface structure of lxl was obtained. By 
making it evaporate, suppressing Metals Zr and Y by the mole ratio of Y/Zr on a c aforementioned ** 
substrate 0.22, it converted into oxide thickness, 5nm was supplied, and Si surface treatment substrate 
equipped with the surface structure of lxl was obtained. Drawing which measured these front faces by 
RHEED is shown in drawing 6 -8. 

[0085] Although these were all measured in the direction of incidence [110], even if they rotated 90 
degrees, they were the completely same patterns. That is, it is checked that Si surface treatment substrate 
which carried out the stable surface structure of lxl is obtained. 

[0086] Furthermore, it is Zr02 of 50nm of thickness by supplying Metal Zr from an evaporation source 
at this Si surface treatment substrate top, after the substrate temperature of 900 degrees C and the 
rotational frequency have introduced oxygen gas at 25 cc a rate for /from 20rpm and the nozzle. The 
film was obtained on the processing substrate of Above a and b. Moreover, the YSZ (Zr0.92Y0.18O2- 
delta) film of 50nm of thickness was obtained by supplying Zr and Y from an evaporation source on the 
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conditions same on the aforementioned c processing substrate. 

[0087] The result of the X-ray measured about three kinds of obtained thin films is shown in drawing 9 - 
1 1 . drawing - Zr02 The peak (002) ( drawing 9 ) and the YSZ (002) peak ( drawing 1 1 ) are observed 
clearly. At drawing 10 , it is Zr02. The peak (1 1 1) has lapped as completely as the peak of Si substrate. 
Zr02 And it turns out that the crystal film which carried out orientation in the direction reflecting the 
crystal structure of YSZ and symmetric property strongly is obtained. Especially these peaks are 
reflection only from one reflector, respectively, and are especially Zr02. In a film, it turns out in the 
conventional example that it is the film of high crystallinity of a single stacking tendency which is not 
seen. Furthermore, the half-value width of the rocking curve of this reflection is 0.7 degrees (actual 
measurement), 0.8 degrees (actual measurement), and 0.7 degrees (actual measurement containing Si 
substrate), respectively, and has also checked excelling in a stacking tendency. 

[0088] Furthermore, the RHEED pattern (Reflection High Energy Electron Diffraction) of this thin film 
is shown in drawing 12 -14. The direction of incidence of an electron ray showed the thing from [ of Si 
substrate ] [1 10]. The diffraction pattern on the front face of a thin film of this structure is a pattern 
which is completely a streak, and the streak seen in the conventional example completely differs from 
the pattern near a spot partially so that this result may show. This pattern that is completely a streak is 
Zr02. It expresses that it is what is excellent in crystallinity and front- face nature. Moreover, Zr02 As a 
result of measuring a film and the resistivity of YSZ, compared with YSZ, 5 times as many high 
resistance as this was shown, and excelling in insulation became clear. The whole simultaneously of 
each front face is covered about three kinds of films. Moreover, ten places, JIS The place which 
measured the ten-point average of roughness height Rz (a criteria length of L:500nm) by B0610, Zr02 
on Si (100) substrate By the film, on an average at 0.70nm and the maximum 0.95nm, It is 0.10 and 
Zr02 on Si (1 1 1) substrate at the minimum. By the film, it was 0.80nm and the maximum on the 
average, and was [ in l.OOnm and the minimum / on the average ] flat at 0.80nm and the minimum on 
0.12 and molecule level in the YSZ film on 0.08 and Si (100) substrate in 0.75nm and the maximum. 
[0089] In addition, when Y of a YSZ film was changed to Pr, Ce, Nd, Gd, Tb, Dy, Ho, Er, etc., the result 
equivalent to the above was obtained. 
[0090] 

[Effect of the Invention] The manufacture method by this invention is Zr02. It is the operating condition 
without the room of mediation of an impurity on Si single crystal which is moreover easy to control, the 
oxide thin film made into a principal component can be formed quality further in the large area of the 
whole substrate surface with a diameter of 2 inches or more with sufficient repeatability, and utility 
value is industrially high. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The electron device which formed the superconductivity film or the 
dielectric film on Si substrate which is a semiconducting-crystal substrate, and was integrated is devised. 
By combining a semiconductor, a superconductor, or a dielectric, the dielectric separation LSI by still 
higher LSI and SOI technology, a nonvolatile memory, an infrared sensor, an optical modulator, optical- 
switch OEIC (opto-electronic integrated circuit : opto-electronic integrated circuits), etc. of a degree of 
integration are made as an experiment in the combination of a semiconductor and a superconductor with 
semiconductors, such as SQUID, a Josephson device, a superconductivity transistor, an electromagnetic 
wave sensor, and the superconductivity wiring LSI, and the dielectric. 

[0003] In the semiconductor device using these superconductors material or dielectric materials, in order 
to secure the optimal device property and its repeatability, it is required to use a single crystal as 
superconductor material and dielectric materials. In the polycrystalline substance, it is difficult to obtain 
a good device property because of the disturbance of the physical quantity by the grain boundary. This is 
the same also about a thin film material, and the superconductivity near the most perfect possible single 
crystal or a dielectric epitaxial film is desired. 

[0004] The crystal structure of the main oxides superconductors and ferroelectrics which are 
applicatively worthy has taken the perovskite structure. Now, it is impossible for epitaxial growth of a 
perovskite type oxide to be greatly dependent on the material and crystal orientation of a substrate, and 
to grow a perovskite type oxide epitaxially directly to up to Si substrate. Then, it is Appl.Phys.Lett., 
Vol.54, No.8, p.754-p.756 (1989), and Japanese that you prepare the buffer layer which grew epitaxially 
to Si, and a perovskite type oxide makes it grow epitaxially on it. Journal of Applied It is stated to 
Physics, Vol.27, No.4, L634-635 (1988), and JP,2-82585,A. 

[0005] Especially, it is Zr02. Since Si crystal and grid adjustment of a substrate are good and grid 
adjustment with a perovskite crystal is also further excellent, it is Zr02 on Si substrate as buffer material 
of early to Si substrate, and a perovskite crystal film. The epitaxial film attracts attention. 
[0006] furthermore, Zr02 high chemistry stability, insulation, a large band gap (about 5eV), and a large 
dielectric constant (about 20) are provided, and epitaxial [ on Si ] for this reason — Zr02 A film can be 
used as a capacitor not only the aforementioned buffer layer but for a SOI device and DRAM. 
[0007] The former and Zr02 Various methods and composition have been considered about 
manufacture of an epitaxial film. For example, in Appl.Phys.Lett., Vol.53, No.16, and p.1506-08 (1988) 
(the 1st conventional example is called hereafter), it is Zr02. Y2 03 It is said using the added YSZ 
(Yttria-stabilized zirconia) oxide target that the epitaxial film of YSZ is obtained on Si (100) substrate 
by the ion beam spatter method. Moreover, the above Japanese Journal of Applied It is said on Si (100) 
substrate Physics, Vol.27, No.8, and L1404-05 (1988) (the 2nd conventional example is called hereafter) 
from the vacuum deposition which evaporates a YSZ pellet by the electron ray gun within the vacuum 
tub which introduced oxygen that the epitaxial film of YSZ is obtained. Furthermore, it is stated on Si 
(100) substrate by the laser ablation method for having used the YSZ target Appl.Phys.Lett., Vol.57, 
No.l 1, and p. 1 137-39 (1990) (the 3rd conventional example is called hereafter) that the epitaxial film of 
YSZ is obtained. Furthermore, it is stated on Si (100) substrate again ThinSolid Films, 299, and 17-23 
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(1993) (the 4th conventional example is called hereafter) by the reactant magnetron sputtering method 
using the target which carried Y pieces on Metal Zr that the epitaxial film of YSZ is obtained. 



[Translation done.] 



httT)://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/21/2003 



Page 1 of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing one example of the vacuum evaporationo equipment used for the 
manufacture method of the substrate for electron devices of this invention. 

[Drawing 21 It is the X diffraction view of the YSZ thin film obtained on the single crystal substrate, and 
Si single crystal (100) (field use) single crystal substrate and Si single crystal (1 1 1) (field use) single 
crystal substrate are used for (a) and (b) as a single crystal substrate, respectively. 
[Drawing 31 It is the drawing substitution photograph in which the crystal structure of a thin film is 
shown, the reflective high-speed electron-diffraction pattern of the YSZ film shown in (a) of drawing 2 
is shown, and (a) is a diffraction pattern when (b) carries out [ of Si single crystal substrate ] incidence 
of the electron ray from [110], when incidence of the electron ray is carried out [ of Si single crystal 
substrate] from [100]. 

[Drawing 41 It is the drawing substitution photograph in which the crystal structure of a thin film is 
shown, and is a thin film surface image by the atomic force microscope of the YSZ film shown in (a) of 
drawing 2 . 

[Drawing 5] It is the graphical representation having shown the half-value width of a rocking curve with 
the ten-point average of roughness height Rz of the YSZ film of an example along with the whole 
diameter of a wafer. , 
[Drawing 61 It is the drawing substitution photograph in which the surface structure of Si substrate of a 
in the example 2 which has the surface structure of lxl formed of Zr metal and oxygen is shown, and is 
the diffraction pattern which shows a RHEED pattern and carried out incidence of the electron ray from 

Si single crystal [110]- . 
[Drawing 71 It is the drawing substitution photograph in which the surface structure of Si substrate ot b 
in the example 2 which has the surface structure of lxl formed of Zr metal and oxygen is shown, and is 
the diffraction pattern which shows a RHEED pattern and carried out incidence of the electron ray from 
Si single crystal [110]. 

[Drawing 8] It is the drawing substitution photograph in which the surface structure of Si substrate of c 
in the example 2 which has the surface structure of lxl formed of Zr metal, Y metal, and oxygen is 
shown, and is the diffraction pattern which shows a RHEED pattern and carried out incidence of the 
electron ray from Si single crystal [110]. 

[Drawing 91 Zr02 obtained on Si (100) substrate It is the X diffraction view of a membrane structure. 
[Drawing 101 Zr02 obtained on Si (1 1 1) substrate It is the X diffraction view of a membrane structure. 
[Drawing 111 It is the X diffraction view of the membrane structure of YSZ obtained on Si (100) 

substrate. . 
[Drawing 121 Zr02 obtained on Si (100) substrate It is the drawing substitution photograph in which the 
crystal structure is shown, and is drawing showing the RHEED diffraction pattern at the time of carrying 
out incidence of the electron ray from [1 10] of Si single crystal substrate. 

[Drawing 131 Zr02 obtained on Si (1 1 1) substrate It is the drawing substitution photograph in which the 
crystal structure is shown, and is drawing showing the RHEED diffraction pattern at the time of carrying 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/21/2003 



Page 2 of 2 



out incidence of the electron ray from [1 10] of Si single crystal substrate. 

[Drawing 14] It is the drawing substitution photograph in which the crystal structure of YSZ obtained on 
Si (100) substrate is shown, and is drawing showing the RHEED diffraction pattern at the time of 
carrying out incidence of the electron ray from [1 10] of Si single crystal substrate. 
[Drawing 15] (a) is the ** type view showing the RHEED pattern of the surface structure of lxl, and (b) 
is the ** type view showing the RHEED pattern of a surface structure in case 2x1, 1x2, or these are 
being mixed. 

[Description of Notations] 

1 Vacuum Evaporationo Equipment 
la Vacuum tub 

2 Single Crystal Substrate 

3 Electrode Holder 

4 Axis of Rotation 

5 Motor 

6 Heater 

7 Oxidizing Gas Feeder 

8 Oxidizing Gas Feed Hopper 

9 Zr Evaporator 

10 Rare-Earth-Metal Evaporator 



[Translation done.] 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 




[Drawing 2] 
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[Drawing 31 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 11] 
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[Drawing 121 




[Drawing 131 




[Drawing 141 
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)rawing 151 
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